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Description 

[0001] The present invention relates in general to a 
hollow structural member of a body structure of a motor 
vehicle, and more particularly to such a hollow structural 5 
member provided with an internal reinforcement. From 
US 5,255,487, a reinforcement according to the pream- 
ble of claim 1 is known. 

[0002] The body structure of a motor vehicle includes 
various stationary hollow structural members each of 10 
which includes a hollow body portion such as tubular 
body portion. These hollow structural members include 
impact beams, side door waists, center pillars and front 
pillars. The mechanical strength of each hollow struc- 
tural member can be increased by a reinforcement dis- 15 
posed inside the body portion. For instance, the impact 
beam disposed within a side door of a passenger vehicle 
is provided to minimize inward deformation of the side 
door due to an impact load applied thereto laterally of 
the vehicle body upon collision of the vehicle at the side 20 
door with a given object. Generally, the impact beam in- 
cludes a tubular body portion having a circular trans- 
verse cross sectional shape, and a pair of fixing portions 
integrally fixed to the longitudinal opposite ends of the 
body portion. The impact beam is fixedly attached at its 25 
fixing portions to the frame of the side door, such that 
the body portion of the impact beam extends in the lon- 
gitudinal or running direction of the vehicle. There has 
been proposed an impact beam of the type in which a 
reinforcement is disposed inside a longitudinal central 30 
part of the tubular body portion, in order to increase the 
bending strength of the central part so as to prevent 
buckling thereof, while minimizing an increase in the 
weight of the impact beam. Examples of this type of im- 
pact beam are disclosed in JP-A-4-238727 and JP- 35 
6-91325, which use a tubular reinforcement or a cylin- 
drical solid reinforcement. The buckling of the impact 
beam is interpreted to mean bending of the tubular body 
portion into a curved flattened shape due to an impact 
load laterally applied thereto. The bending strength is a 40 
value of the load at which the buckling or fracture of the 
impact beam occurs. 

[0003] In the conventional tubular structural member 
as described above, the bending strength or rigidity con- 
siderably changes at and near the opposite ends of a <s 
reinforcement provided in the tubular body portion, so 
that the stress tends to be concentrated around the ends 
of the reinforcement, increasing a possibility of cracking 
or fracture at the corresponding parts of the tubular body 
portion. Thus, the conventional tubular structural mem- so 
ber suffers from a problem of insufficient improvement 
in the bending strength. 

[0004] Explained more specifically referring to Figs. 9 
and 10, a test on an impact beam 10' (not provided with 
a reinforcement) using a pendulum 30 as shown in Fig. 55 
30 revealed a stress distribution as indicated in the 
graph of Fig. 1 0. In the test, the end face of the pendulum 
30 was forced onto the impact beam 10', at a longitudi- 



nal center point S of the impact beam 1 0'. A FEM (finite- 
element method) analysis showed the stress distribu- 
tion of Fig. 10 in which the stress continuously decreas- 
es in the opposite longitudinal directions of the impact 
beam 10', with an increase in the distance from the point 
(S) of application of the load, as indicated at (1 ) through 
(4) in Fig. 9. The stress has a maximum value omax at 
the load application point or center point S. In the graph 
of Fig. 10, the distance (mm) from the load application 
point S is taken along the abscissa (right and left direc- 
tion in Fig. 9), while the value of the stress on the upper 
side of the impact beam 10' is taken along the ordinate. 
It will be understood from the graph of Fig. 10 that a 
stress value o40 at the positions 40mm away from the 
load application point S is still considerably large. Ac- 
cordingly, where a reinforcement having a length of 
about 80mm is disposed within the tubular body portion 
of the impact beam 10' such that the opposite ends of. 
the reinforcement are spaced about 40mm away from 
the load application point S, stress concentration takes 
place at or near the opposite ends of the reinforcement, 
and the impact beam 10' is likely to be fractured. It is 
considered that the use of a reinforcement having a suf- 
ficiently large length is effective to reduce the stress val- 
ues around the ends of the reinforcement and prevent 
the fracture of the impact beam 1 0'. However, this po- 
tential solution inevitably results in an undesirable in- 
crease in the weight and material cost of the reinforce- 
ment. 

[0005] WO 94/13503 (JP-T-7-506067) discloses the 
use of a reinforcement in the form of a generally elon- 
gate plate whose width dimension decreases in the lon- 
gitudinal opposite directions toward its opposite ends, 
with a decrease in the bending moment applied to the 
elongate plate. This reinforcement also suffers from 
considerable changes of the bending strength around 
the longitudinal ends of the elongate plate. Further, the 
elongate plate whose width dimension is still compara- 
tively large at the longitudinal ends tends to have crack- 
ing due to stress concentration at its end portions. There 
is also proposed to reinforce a local portion of a tubular 
structural member such as a center pillar or a side sill 
of a vehicle body, by using a reinforcement consisting 
of two metal plates which are welded together and dis- 
posed within the tubular body portion of the structural 
member. This type of reinforcement also suffers from 
drawbacks as described above. 
[0006] The same is true for a door reinforcement 
beam disclosed in US Patent 5,255,487. which includes 
a base tube reinforced by a reinforcing section or a base 
tube, which is provided with a reinforcement part welded 
between two ends of the base tube at a position where 
an impact is expected. 

[0007] It is therefore an object of the present invention 
to provide a hollow structural member for a body struc- 
ture of a motor vehicle, which is reinforced with a light- 
weight, inexpensive reinforcement which has an effec- 
tively improved bending strength or energy absorption 
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property. 

[0008] A second object of the invention is to provide 
such a reinforcement for use with a hollow structural 
member of a body structure of a motor vehicle. 
[0009] The first object indicated above may be 
achieved according to a first aspect of this invention, 
which provides a hollow structural member comprising 
a hollow body portion fixedly disposed on a motor vehi- 
cle, the hollow structural member further comprising a 
reinforcement having a hollow structure which has an 
outer surface and which is fixedly disposed within the 
hollow body portion having an inner surface such that 
the outer surface of the hollow structure is in substan- 
tially close contact with the inner surface of the hollow 
body portion, and wherein the reinforcement includes a 
longitudinally central portion having highest bending ri- 
gidity, and longitudinally opposite end portions each 
having bending rigidity which continuously decreases in 
a longitudinal direction from the longitudinally central 
portion toward a longitudinal end of a corresponding one 
of the longitudinally opposite end portions, such that the 
bending rigidity at the longitudinal end is substantially 
zero. 

[001 0] The hollow structural member according to the 
first aspect of this invention comprises the reinforce- 
ment including the longitudinally central portion having 
a higher degree of bending rigidity than the other por- 
tion, and the longitudinally opposite end portions each 
of which has bending rigidity that continuously decreas- 
es in the longitudinal direction from the central portion 
toward the longitudinal end of the corresponding end 
portion, such that the bending rigidity is substantially ze- 
ro at the longitudinal end of each end portion. Therefore, 
the hollow structural member provides a sufficient de- 
gree of buckling resistance at the central portion of the 
reinforcement, and does not suffer from stress concen- 
tration around the opposite ends of the reinforcement, 
whereby the structural member used as an impact beam 
for a side door of the vehicle has an effectively improved 
and practically sufficient bending strength, while mini- 
mizing the amounts of increase in the weight and cost 
of the structural member due to the provision of the re- 
inforcement. The reinforcement constructed as de- 
scribed above has a relatively high degree of freedom 
in the choice of its material, and may be suitably formed 
of a light metal alloy such as an aluminum alloy, making 
it possible to further reduce the weight of the structural 
member. 

[001 1] The first object may also be achieved accord- 
ing to a second aspect of this invention, which provides 
a hollow structural member fixedly disposed on a motor 
vehicle, the hollow structural memberfurther comprising 
a reinforcement having a hollow structure which has an 
outer surface and which is fixedly disposed within the 
hollow body portion having an inner surface such that 
the outer surface of the hollow structure is in substan- 
tially close contact with the inner surface of the hollow 
body portion, and wherein the reinforcement includes a 



thick-walled portion as a longitudinal central portion 
thereof, and two decreasing-thickness portions as lon- 
gitudinally opposite end portions thereof disposed on 
opposite sides of the thick-walled portion. Each of the 
5 two decreasing-thickness portions has an inner surface 
which is formed such that a wall thickness of each de- 
creasing-thickness portion continuously decreases in a 
longitudinal direction from the thick-walled portion to- 
ward a longitudinal end of a corresponding one of the 
longitudinally opposite end portions and such that the 
wall thickness at the longitudinal end is substantially ze- 
ro. 

[0012] The hollow structural member according to the 
second aspect of the invention may be considered to be 
one form of the hollow structural member according to 
the first aspect of the invention. The hollow structure 
member according to the second aspect comprises the 
longitudinally central thick-walled portion, and the lon- 
gitudinally opposite decreasing-thickness end portions 
each having the wall thickness which continuously de- 
creases in the longitudinal direction from the thick- 
walled central portion toward the longitudinal end of the 
corresponding end portion of the reinforcement, such 
that the wall thickness is substantially zero at the longi- 
tudinal end of each end portion of the reinforcement. 
The present hollow structural member has substantially 
the same advantages as described above with the hol- 
low structural member according to the first aspect of 
the invention. 

[001 3] The hollow body portion of the hollow structural 
member is preferably a generally tubular member, as 
discussed below, but may be a hollow member having 
a polygonal shape in transverse cross section. Where 
the hollow body portion is a generally tubular member, 
the tubular member preferably has a substantially circu- 
lar transverse cross sectional shape. However, the tu- 
bular body portion may have an elliptical or oval shape 
in transverse cross section. Although the hollow body 
portion may be a tube commercially available, it may be 
formed by bending a suitable straight metal plate into a 
tube such that the opposite edges of the plate are butted 
together, and then seam welding the tube along the butt- 
ed edges, by arc welding, for example. The metal plate 
may be a steel plate whose tensile strength is as high 
as about 130kgf/mm 2 . It is noted that 1kgf/mm 2 is ap- 
proximately equal to g.SN/mm 2 . 

[0014] Where the hollow structural member is an im- 
pact beam installed in a side door of a motor vehicle, for 
example, the hollow body portion is generally fixed at its 
longitudinal opposite ends to the frame of the side door, 
through respective fixing portions, such that the hollow 
structural member extends in the longitudinal or running 
direction of the vehicle. While the fixing portions may be 
separate parts fixed to the opposite ends of the hollow 
body portion by welding, for example, the fixing portions 
may be integrally formed with the body portion. Where 
the body portion is formed from a straight metal plate, 
for instance, the fixing portions may be formed by bend- 
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ing appropriate portions of the plate while the body por- 
tion is formed into a hollow structure. The hollow body 
portion such as an impact beam may be formed inte- 
grally with the frame or other part of the vehicle member 
such as a side door. 

[001 5] The reinforcement disposed within the hollow 
body portion may preferably be formed of a metal ma- 
terial such as a carbon steel (e.g., S45C, JIS) or an alu- 
minum alloy (e.g., A5056, JIS). However, the reinforce- 
ment may be formed of any other materials such as FRP 
(fiber-reinforced plastics) or other composite material. It 
is desirable that the reinforcement be. fixedly disposed 
within a longitudinally central portion of the hollow body 
portion (e.g., impact beam), by suitable means such as 
press-fitting, bonding with an adhesive agent, and weld- 
ing. 

[0016] In the hollow structural member according to 
the second aspect of the invention, the bending rigidity 
of the reinforcement is adjusted by suitably changing the 
wall thickness of the reinforcement in the longitudinal 
direction. According to the first aspect of the invention, 
however, the bending rigidity may be adjusted by cutting 
slits the reinforcement at its appropriate positions so as 
to extend in the longitudinal direction, or by using differ- 
ent materials at different longitudinal portions of the re- 
inforcement. For easier installation of the reinforcement 
within the hollow body portion, the reinforcement is pref- 
erably formed symmetrically with respect to the center- 
line so that the wall thickness at any longitudinal position 
is constant around the centerline. Where an impact load 
acts on the hollow structural member in a lateral direc- 
tion perpendicular to the centerline, for instance, stress 
distribution on the structural member is asymmetric with 
respect to the centerline, as indicated in the graph of 
Fig. 9. In this respect, the reinforcement may be formed 
asymmetrically with respect to the centerline, so as to 
follow the asymmetric stress distribution. For instance, 
the reinforcement may be formed such that the wall 
thickness on one side of the centerline remote from the 
point of application of the impact load is smaller than 
that on the other side, or such that the longitudinal di- 
mension is shorter on the above-indicated one side. 
Similarly, the reinforcement is preferably symmetrical 
with respect to its longitudinally central portion (thick- 
walled portion), but may be asymmetric with respect to 
the central portion. 

[001 7] For preventing cracking or fracture of the hol- 
low structural member due to stress concentration near 
the ends of opposite ends of the reinforcement, the wall 
thickness value at the opposite ends of the reinforce- 
ment is desirably as small as substantially zero. How- 
ever, the wall thickness value at the opposite ends need 
not be zero, but may be small enough to prevent the 
cracking or fracture of the structural member at the de- 
sired maximum load, for example, 2400kgf or 2700kgf, 
when the structural member is subjected, at its portion 
corresponding to the reinforcement, to an impact load 
as applied by a testing apparatus as shown n Fig. 4. 



6 

Alternatively, the wall thickness values at the opposite 
ends of the reinforcement may be suitably determined 
depending upon the desired maximum amount of ener- 
gy absorption (e.g., about 200kgf-m or about 250kgf-m) 

5 or the desired average load (e.g., about 1200kgf or 
about 1350kgf). The rate of decrease of the wall thick- 
ness and the longitudinal dimension of each decreas- 
ing-thickness end portion are also desirably determined 
so as to satisfy the requirement indicated above, and 

10 the wall thickness and the longitudinal dimension of the 
thick-walled central portion are desirably determined so 
as to prevent buckling of the structural member under 
the condition described above. 

[0018] The wall thickness value at the opposite ends 
15 of the reinforcement for satisfying the above require- 
ment varies depending upon the bending rigidity (mate- 
rial, wall thickness and diameter) of the hollow body por- 
tion. Where the reinforcement is formed of a carbon 
steel (e.g., S45C, JIS) usually used for a structural mem- 
20 ber, the wall thickness at the opposite ends of the rein- 
forcement is preferably about 0.5mm or smaller, or 
about 0.3mm or smaller. Where the reinforcement is 
formed of an aluminum alloy (e.g., A5056, JIS), the wall 
thickness is preferably about 0.8mm or smaller or about 
25 0.6mm or smaller. 

[001 9] The above-indicated specific values of the de- 
sired maximum, load, maximum amount of energy ab- 
sorption and average load, and the above-indicated 
specific values of the wall thickness at the ends of the 
30 reinforcement are provided for illustrative purpose only, 
in the case where the hollow structural member is used 
as an impact beam for a side door of a motor vehicle. It 
is to be understood that the values of such parameters 
vary and should be suitably determined, depending up- 
as on the type of the structural member and the type or 
model of the motor vehicle. 

[0020] In a first preferred form of the hollow structural 
member according to the second aspect of this inven- 
tion, the thick-walled portion consists of at least one sol- 

w id partition wall each of which separates a space within 
the hollow structure of the reinforcement into two longi- 
tudinal sections. In this case, the hollow structural mem- 
ber has a sufficient degree of buckling resistance. 
[0021] In a second preferred form of the hollow struc- 

■*5 tural member according to the second aspect of the in- 
vention, the hollow body portion has a generally tubular 
structure, and the reinforcement has a generally tubular 
structure having an outer surface in substantially close 
contact with an inner surface of the generally tubular 

so structure of the hollow body portion. The thick-walled 
portion consists of at least one solid partition wall each 
of which separates a space within the generally tubular 
structure of the reinforcement into two longitudinal sec- 
tions, and each decreasing-thickness portion has an in- 

55 side diameter which increases in the longitudinal direc- 
tion from the thick-walled portion toward the longitudinal 
end, so that the wall thickness of each decreasing-thick- 
ness portion linearly decreases in the longitudinal direc- 
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tion. The solid partition wall permits the tubular structural 
member to provide a sufficient degree of buckling resist- 
ance, while the decreasing-thickness portions whose 
wall thickness linearly decrease as described above are 
relatively easy to manufacture. 

[0022] In the above preferred form of the hollow struc- 
tural member, the inside diameter of each decreasing- 
thickness portion increases in the longitudinal direction 
from the thick-walled portion toward the corresponding 
longitudinal end of the reinforcement, so that the wall 
thickness linearly decreases in this longitudinal direc- 
tion. However, the wall thickness may be determined so 
as to change following the stress distribution on the hol- 
low structural member upon application of an impact 
load thereto in the lateral direction. 
[0023] In a third preferred form of the hollow structural 
member according to the second aspect of the inven- 
tion, the thick-walled portion has a wall thickness which 
non-linearly changes according to a stress distribution 
on the hollow body portion when the the hollow body 
portion is subject to an impact load upon collision of the 
motor vehicle. The non-linear change of the wall thick- 
ness of the thick-walled portion permits the structural 
member to have an effectively improved strength, while 
minimizing the amounts of increase in the weight and 
cost of the structural member due to the provision of the 
reinforcement. 

[0024] In one advantageous arrangement of the sec- 
ond preferred form of the second aspect of the invention 
described above, each solid partition wall has opposite 
part-spherical surfaces each of which has a curvature 
having a center lying on a centerline of the generally 
tubular structure of each reinforcement, and each part- 
spherical surface is smoothly contiguous with the inner 
surfaces of the two decreasing-thickness portions. In 
this arrangement, the hollow structural member has 
bending rigidity characteristic similar to a stress distri- 
bution (as shown in Figs. 9 and 10) on the structural 
member when the hollow body portion is subjected to 
an impact load upon collision of the vehicle. Like the 
structural member according to the third preferred form 
of the invention, the present structural member has an 
effectively improved strength, with minimum amounts of 
increase in the weight and cost of the structural member 
due to the provision of the reinforcement. This arrange- 
ment may be considered as one arrangement of the 
third preferred form of the invention described above. It 
is also noted that the part-spherical surfaces of the par- 
tition wall whose curvatures lie on the centerline of the 
reinforcement are relatively easy to form. In addition, the 
smooth connection of the part-spherical surfaces to the 
inner surfaces of the decreasing-thickness portions re- 
sults in a continuous decrease of the wall thickness of 
the reinforcement in the longitudinal direction from the 
partition wall to the decreasing-thickness end portions. 
In this case, the reinforcement may be easily formed 
with a relatively low cost, in a process including a forging 
step wherein a blank is forged into a plate from which 



the reinforcement is formed. 

[0025] The stress distribution indicated above, which 
changes with the specific types, material, wall thickness, 
diameter and length of the hollow structural member, 
5 may be obtained for the specific structural member in 
question, by a suitable method such as FEM (finite-ele- 
ment method) analysis. 

[0026] In an advantageous arrangement of the first or 
second preferred form of the second aspect of the in- 
vention, the reinforcement further includes two con- 
stant-thickness portions formed between the solid par- 
tition wall and the two decreasing-thickness portions, 
each of the constant-thickness portion having a con- 
stant wall thickness and cooperating with the solid par- 
tition wall to define therebetween a fillet having a pre- 
determined radius of curvature. In this instance, the lon- 
gitudinal dimension of each constant-thickness portion 
is determined depending upon the longitudinal length of 
the hollow body portion of the structural member, which 
varies with the specific type or model of the vehicle. 
[0027] According to one preferred form of the first and 
second aspects of the present invention, the reinforce- 
ment is formed as an integral part of the hollow body 
portion. In this case, a bonding adhesive such as a resin 
adhesive is not necessary for fixing the reinforcement 
within the hollow body portion, and the mechanical 
strength of the structural member is improved, whereby 
the weight of the structural member is reduced. Further, 
the required number of process steps for manufacturing 
the structural member is significantly reduced, leading 
to reduced cost of its manufacture. 
[0028] Where the hollow body portion of the hollow 
structural member is a generally tubular member having 
a substantially circular transverse cross sectional 
shape, for instance, the structural member may be man- 
ufactured in a process comprising the steps of: (a) rolling 
a blank into a plate corresponding to a development of 
the hollow structural member in question along a 
straight line parallel to the centerline of the structural 
member, the plate having a changing-thickness portion 
corresponding to the reinforcement portion; (b) forming 
a plurality or multiplicity of notches in the surface of the 
changing-thickness portion of the plate, which surface 
has been shaped by rolling in the above step (a), so that 
the plate can be bent into a tube such that the above- 
indicated surface having the notches provides an inner 
surface of the tube; and (c) bending the notched plate 
into the tubular structural member which has a tubular 
reinforcement as an integral part of the tubular body por- 
tion. However, the hollow structural member having the 
integrally formed reinforcement may be formed in other 
processes including a forging step or a machining step. 
[0029] According to another preferred form of the first 
or second aspect of this invention, the reinforcement is 
disposed as an intermediate reinforcement in a longitu- 
dinally intermediate portion of the hollow body portion, 
and the hollow structural member further comprising an 
end reinforcement having a hollow structure having an 
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outer surface and disposed in at least one of longitudi- 
nally opposite end portions of the hollow body portion, 
such that the outer surface of the hollow structure is in 
substantially close contact with an inner surface of the 
hollow body portion. The end reinforcement includes a 5 
decreasing-thickness portion as one of longitudinally 
opposite end portions thereof which is on the side of the 
longitudinally intermediate portion Of the hollow body 
portion. The decreasing-thickness portion has an inner 
surface which is formed such that a wall thickness of the 10 
decreasing-thickness portion continuously decreases in 
a longitudinal direction from the other of the longitudi- 
nally opposite end portions toward the above-indicated 
one of the longitudinally opposite end portions and such 
that the wall thickness of the end reinforcement is sub- * 5 
stantially zero at a longitudinal end of the above-indicat- 
ed one end portion of the decreasing-thickness portion. 
[0030] In the above form of the hollow structural mem- 
ber, the end reinforcement disposed in at least one of 
the opposite ends of the hollow body portion increases 20 
the buckling resistance and bending strength at a por- 
tion of the structural member at which the structural 
member is fixed through an appropriate fixing portion to 
a frame or other part of the motor vehicle. This end re- 
inforcement cooperates with the intermediate reinforce- 25 
ment to further increase the overall impact resistance 
and shock absorbing capability of the hollow structural 
member. Further, the decreasing-thickness portion 
which is provided as a longitudinally inner end portion 
of the end reinforcement has a wall thickness which con- 30 
tinuously decreases in the direction from the outer end 
toward the inner end of the end reinforcement such that 
the wall thickness at the inner end of the end reinforce- 
ment is substantially zero. This decreasing-thickness 
portion is effective to prevent stress concentration and 35 
consequent cracking or fracture of the body portion near 
the inner end of the end reinforcement. 
[0031] The end reinforcement may be a hollow mem- 
ber which is closed by a bottom portion located at the 
outer end of the hollow body portion. In this case, the *o 
decreasing-thickness portion is formed adjacent to the 
bottom portion such that the wall thickness of the de- 
creasing-thickness portion continuously decreases in 
the longitudinal direction from the closed end (bottom 
portion) toward the inner open end of the end reinforce- 45 
ment. The wall thickness of the bottom portion is suitably 
determined depending upon the required strength of the 
bottom portion. The bottom portion may have a through- 
hole, for reducing the weight of the end reinforcement. 
It will be understood that the end reinforcement need so 
not include such a bottom portion, namely, may be 
formed so as to have different wall thickness values at 
the opposite ends. The end reinforcement may be pro- 
vided in only one of the opposite end portions of the body 
portion, or alternatively in both of the end portions of the 55 
body portion of the structural member. In the latter case, 
the intermediate reinforcement indicated above is dis- 
posed between the two end reinforcements. 



[0032] The hollow structural member according to the 
present invention may be suitably used as an impact 
beam fixedly disposed in a side door of the motor vehi- 
cle, so as to extend in a running direction of the vehicle. 
Alternatively, the hollow structural member may be used 
as any other structural member of the motor vehicle, 
which may be selected from among a center pillar, a side 
door waist, a side sill, a front pillar, a front cross member, 
a front side member and a bumper reinforcing beam of 
the motor vehicle. These structural members are given 
for illustrative purpose only. 

[0033] The second object indicated above may be 
achieved according to a third aspect of this invention, 
which provides a reinforcement fixedly disposed in a 
hollow structural member including a hollow body por- 
tion fixedly disposed on a motor vehicle, the reinforce- 
ment has a hollow structure which has an outer surface 
and which is fixedly disposed within the hollow body por- 
tion such that the outer surface of the hollow structure 
is in substantially close contact with an inner surface of 
the hollow body portion, the reinforcement comprises: 
(a) a longitudinally central portion having highest bend- 
ing rigidity; and (b) longitudinally opposite end portions 
each having bending rigidity which continuously de- 
creases in a longitudinal direction from the longitudinally 
central portion toward a longitudinal end of a corre- 
sponding one of the longitudinally opposite end por- 
tions, such that the bending rigidity at the longitudinal 
end is substantially zero. 

[0034] The reinforcement according to the third as- 
pect of the invention has substantially the same advan- 
tage as described above with the hollow structure mem- 
ber according to the first aspect of the invention. 
[0035] The second object may also be achieved ac- 
cording to a fourth aspect of this invention, which pro- 
vides a reinforcement fixedly disposed in a hollow struc- 
tural member including a hollow body portion fixedly dis- 
posed on a motor vehicle, the reinforcement has a hol- 
low structure which has an outer surface and which is 
fixedly disposed within the hollow body portion such that 
the outer surface of the hollow structure is in substan- 
tially close contact with an inner surface of the hollow 
body portion, the reinforcement comprises: (a) a thick- 
walled portion as a longitudinal central portion thereof; 
and (b) two decreasing-thickness portions as longitudi- 
nally opposite end portions thereof disposed on oppo- 
site sides of the thick-walled portion, each of the two 
decreasing-thickness portions having an inner surface 
which is formed such that a wall thickness of each de- 
creasing-thickness portion continuously decreases in a 
longitudinal direction from the thick-walled portion to- 
ward a longitudinal end of a corresponding one of the 
longitudinally opposite end portions and such that the 
wall thickness at the longitudinal end is substantially ze- 
ro. 

[0036] The reinforcement according to the fourth as- 
pect of the invention has substantially the same advan- 
tage as described above with respect to the hollow 
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structural member according to the second aspect of the 
invention. 

[0037] In one preferred form of the above fourth as- 
pect of the invention, the reinforcement comprises: (a) 
a first piece constituting a first part of the thick-walled s 
portion and including a first and a second engaging por- 
tion at longitudinally opposite ends thereof; (b) a second 
piece including one of the two decreasing-thickness por- 
tions and constituting a second part of the thick-walled 
portion which is adjacent to the one of the two decreas- 
ing-thickness portions, the second piece including an 
engaging end portion which is remote from the one of 
the two decreasing-thickness portions and which en- 
gages the second engaging portion of the first piece; 
and (c) a third piece including the other of the two de- 
creasing-thickness portions and constituting a third part 
of the thick-walled portion which is adjacent to the other 
of the two decreasing-thickness portions, the third piece 
including an engaging end portion which is remote from 
the other of the two decreasing-thickness portions and 
which engages the first engaging portion of the first 
piece, the first, second and third parts constituting the 
thick-walled portion. 

[0038] The reinforcement according to the above pre- 
ferred form of the fourth aspect of this invention com- 
prises the three different pieces. The reinforcement may 
include two or more first pieces engaging each other 
such that the first engaging portion of one of the first 
pieces engages the second engaging portion of the ad- 
jacent one of the other first piece or pieces and such 
that the first and second engaging portions of the two 
outer first pieces engage the third and second pieces, 
respectively. In this case, the longitudinal dimension of 
the thick-walled portion of the reinforcement can be ad- 
justed by changing the number of the mutually engaging 
first pieces. Thus, the present reinforcement is effective 
to permit the structural member to provide an increased 
bending rigidity over the desired longitudinal dimension, 
which changes depending upon the specific length of 
the body portion of the structural member. All of the first, 
second and third pieces may be formed of the same ma- 
terial. However, the first, second and third pieces may 
be formed of different materials. For instance, the sec- 
ond and third pieces having the decreasing-thickness 
portions which are the opposite end portions of the re- 
inforcement may be formed of a material whose rigidity 
is lower than that of the first piece. 
[0039] It will be understood that the reinforcement 
may consist of one piece, or a plurality of pieces which 
are arranged around the centerline of the body portion 
and assembled together into a reinforcement. It will also 
be understood that a plurality of reinforcements each 
consisting of a single piece may be arranged in the lon- 
gitudinal direction of the body portion, such that the re- 
inforcements are disposed adjacent to each other or in 
spaced-apart relation with each other. 
[0040] In another preferred form of the fourth aspect 
of this invention, the hollow body portion has a generally 



tubular structure and the thick-walled portion consists of 
a solid partition wall, as described above with respect to 
the second preferred form of the second aspect of the 
invention, and each solid partition wall has opposite 
part-spherical surfaces each of which has a curvature 
having a center lying on a centerline of the generally 
tubular structure of each reinforcement and is smoothly 
contiguous with the two decreasing-thickness portions. 
The reinforcement is manufactured in a process includ- 
ing a forging step of cold-forging a blank into a plate from 
which the reinforcement is formed. 
[0041] In the above preferred form of the invention 
wherein the reinforcement is manufactured in the proc- 
ess including the cold-forging step, the reinforcement 
can be more easily and inexpensively manufactured 
than where the reinforcement is manufactured by ma- 
chining. Further, the thus manufactured reinforcement 
has a sufficiently high mechanical strength with a com- 
paratively small wall thickness and an accordingly re- 
duced weight. In addition, the decreasing-thickness por- 
tions have continuously decreasing wall thickness can 
be comparatively easily formed by forging a suitable 
blank such as a cylindrical blank, with a relatively small 
number of forging actions, so that the life of the forging 
die can be accordingly increased. 
[0042] However, the reinforcement according to the 
present invention may be manufactured in any other 
process including a machining step or casting (e.g., alu- 
minum die casting). Where the reinforcement is manu- 
factured in a process including a cold-forging step as 
described above, the reinforcement is preferably formed 
of a material which can easily flow during the forging 
operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] The above and optional objects, features, ad- 
vantages and technical and industrial significance of this 
invention will be better understood by reading the fol- 
lowing detailed description of presently preferred em- 
bodiments of the invention, when considered in connec- 
tion with the accompanying drawings, in which: 

Figs. 1(a) and 1(b) are a front elevational view and 
a plan view of an impact beam of a side door of a 
motor vehicle, which is constructed according to 
one embodiment of this invention; 
Fig. 1(c) is a cross sectional view taken along line 
1(c)-1(c)ofFig. 1(b); 

Fig. 2(a) is a longitudinal cross sectional view of a 
longitudinally central part of the impact beam at 
which a reinforcement is provided, the view being 
taken in a place including a centerline O of the im- 
pact beam; 

Figs. 2(b) and 2(c) are transverse cross sectional 
views taken along line 2(b)-2(b) and line 2(c)-2(c) 
of Fig. 2(a); 

Fig. 3 is a view indicating dimensions of the rein- 
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forcement shown in Figs. 2(a), 2(b) and 2(c); 
Fig. 4 is a view for explaining a bending test on the 
impact beam of Figs. 1(a)-1(c); 
Fig. 5 is a graph indicating a result of the bending 
test of the impact beam; 5 
Fig. 6 is a partly cut-away view of an impact beam 
according to another embodiment of the invention; 
Fig. 7(a) is a fragmentary longitudinal cross section- 
al view of the impact beam of Fig. 6, showing in en- 
largement an end reinforcement; 10 
Figs. 7(b) and 7(c) are transverse cross sectional 
views taken along line 7(b)-7(b) and line 7(c)-7(c) 
of Fig. 7(a); 

Fig. 8 is a longitudinal cross sectional view of a re- 
inforcement according to a further embodiment of 15 
this invention, the view being taken in a plane in- 
cluding a centerline O of the reinforcement; 
Fig. 9 is a view indicating a stress distribution on an 
impact beam not provided with a reinforcement, 
which was obtained by FEM (finite-element meth- 20 
od) analysis when the impact beam was subjected 
to a load; 

Fig. 10 is a graph indicating the stress distribution 
of Fig. 9, with respect to a distance from a point of 
application of the load at which a maximum stress 25 
value amax was obtained; 

Fig. 11 is a graph indicating a load-displacement re- 
lationship obtained as a result of a bending test on 
an impact beam provided with the reinforcement of 
Fig. 8; 30 
Figs. 12(a) and 12(b) are views for explaining a 
manner of manufacturing the reinforcement of Fig. 
8 by cold forging; 

Fig. 13 is a longitudinal cross sectional view of an 
impact beam of a side door of a motorvehicle, which 35 
impact beam is constructed according to a still fur- 
ther embodiment of this invention and which has an 
integrally formed reinforcement portion, the view 
being taken in a place including a centerline O of 
the impact beam; 40 
Fig. 14 is a view for explaining process of manufac- 
turing the impact beam of Fig. 13; 
Fig. 15 is a view for explaining step 1 (hot rolling 
step) in the process of Fig. 14; 

Fig. 16 is a view for explaining step 3 (cutting step) -*5 
in the process of Fig. 14; 

Fig. 17(a) and 1 7(b) are a front elevational view and 
a bottom plan view of an elongate strip used for 
forming the impact beam of Fig. 13; 
Fig. 17(c) is a cross sectional view taken along line so 
17(c)- 17(c) in Fig. 17(a); 

Fig. 18 is a longitudinal cross sectional view of a 
reinforcement according to a yet further embodi- 
ment of the invention, the view being taken in a 
plane including a centerline O of the reinforcement; 55 
Fig. 19 is a view indicating a load-displacement re- 
lationship obtained as a result of a bending test on 
the reinforcement of Fig. 18; 



Fig. 20 is a perspective view of a cylindrical solid 
reinforcement as a comparative example, which 
has substantially the same weight of the reinforce- 
ment of Fig. 3; 

Fig. 21 is a perspective view of a tubular reinforce- 
ment as another comparative example, which has 
substantially the same weight of the reinforcement 
of Fig. 20; 

Fig. 22 is a view indicating a load-displacement re- 
lationship obtained as a result of a bending best on 
the comparative reinforcement of Fig. 20; 
Fig. 23 is a view indicating a load-displacement re- 
lationship obtained as a result of a bending test on 
the comparative reinforcement of Fig. 21; 
Fig. 24 is a view indicating the results of the bending 
tests on the reinforcements of Figs. 3, 8, 18, 20 and 
21; 

Fig. 25 is a longitudinal cross sectional view of a 
reinforcement according to still another embodi- 
ment of this invention, the view being taken in a 
plane including a centerline O of the reinforcement; 
Fig. 26(a) is a longitudinal cross sectional view of a 
first piece of the reinforcement of Fig. 25, the view 
being taken in a plane including a centerline O of 
the reinforcement; 

Figs. 26(b) and 26(c) are end elevational views of 
the first piece of Fig. 26 taken in directions toward 
first and second engaging portions 92, 94 of the first 
piece, respectively; 

Fig. 27 is a longitudinal cross sectional view of a 
second piece of the reinforcement of Fig. 25, the 
view being taken in a plane including the centerline 
O of the reinforcement; 

Fig. 28 is a longitudinal cross sectional view of a 
third piece of the reinforcement of Fig. 25, the view 
being taken in a plane including the centerline O of 
the reinforcement; 

Fig. 29(a) is an end elevational view of a reinforcing 
piece of the reinforcement of Fig. 25; 
Fig. 29(b) is a cross sectional view of the reinforcing 
piece of fig. 29(a), the view being taken in a plane 
including the centerline of the piece; 
Fig. 30 through Fig. 34 are longitudinal cross sec- 
tional views of reinforcements according to further 
embodiments of this invention, each of these views 
being taken in a plane including a centerline O of 
the reinforcement; 

Fig. 35 is a side elevational view of a structural ar- 
rangement of a motor vehicle; 
Fig. 36(a) is a longitudinal cross sectional view of a 
center pillar of the structure of Fig. 35; 
Fig. 36(b) is a transverse cross sectional view taken 
along line A-A of Fig. 36(a); 

Fig. 37(a) is a perspective view of a side door waist 
of the structure of Fig. 35, showing a transverse 
cross sectional shape of the side door waist; 
Figs. 37(b) and 37(c) are cross sectional views tak- 
en alone line Bb-Bb and line Bc-Bc of Fig. 36(a); 
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Fig. 38(a) is a longitudinal cross sectional view of a 
side sill of the structure of Fig. 35, the view being 
taken in a plane including a centerline of the side sill; 
Fig. 38(b) is a perspective view of the side sill of Fig. 
38(a), showing a transverse cross sectional shape 5 
of the side sill; 

Fig. 39(a) is a perspective view of a front portion of 
the structure of Fig. 35 including a front pillar; 
Fig. 39(b) is a cross sectional view taken along line 
Db-Db of Fig. 39(a); *° 
Fig. 39(c) is a cross sectional view taken along line 
Dc-Dc of Fig. 39(b); 

Fig. 40(a) is a front bottom portion of the structure 
of Fig. 35 including a front cross member; 
Fig. 40(b) is a cross sectional view taken along line « 
Eb-Eb of Fig. 40(a); 

Figs. 40(c) and 40(d) are cross sectional views tak- 
en along line Ec-Ec and Ed-Ed of Fig. 40(b), respec- 
tively; 

Fig. 4 1 (a) is a view of a front portion of the structure 20 
of Fig. 35 including a front side member; 
Fig. 41 (b) is a fragmentary view showing in enlarge- 
ment a part of the front portion of Fig. 41(a); 
Figs. 41 (c) and 41 (d) are cross sectional views tak- 
en along line Fc-Fc and line Fd-Fd of Fig. 41(b); 25 
Fig. 42(a) is a transverse cross sectional view of a 
bumper including a bumper reinforcing beam; and 
Fig. 42(b) is a longitudinal cross sectional view of 
the bumper of Fig. 42(a), taken in a plane including 
a centerline O of the bumper reinforcing beam. 30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0044] Referring first to Figs. 1(a), 1(b) and 1(c), there 35 
is shown an impact beam 10 of a side door of a motor 
vehicle, which is constructed according to one embodi- 
ment of the present invention. It is noted that the cross 
sectional view of Fig. 1(c) is enlarged two times with re- 
spect to the views of Figs. 1(a) and 1(b). The impact *o 
beam 10 includes a tubular body portion 12 having a 
circular transverse cross sectional shape as shown in 
Fig. 1 (c), a pair of fixing portions 14 fixed to the opposite 
longitudinal ends of the tubular body portion 12, and a 
reinforcement 16 fixedly disposed within a longitudinally 45 
central part of the tubular body portion 12, as indicated 
in Figs. 1(a) and 1(b). 

[0045] The impact beam 10 is attached to a frame of 
the side door of the vehicle such that the tubular body 
portion 12 extends in the longitudinal or running direc- so 
tion Of the vehicle, while the upper side of the impact 
beam 10 as seen in Fig. 1(b) faces in the laterally out- 
ward direction of the vehicle so that the above-indicated 
upper side receives a load upon collision of the vehicle 
at its side door with a certain object. The impact beam 55 
10 has an overall length L1 of about 1104mm, and the 
tubular body portion 12 has a length L2 of about 950mm. 
The end portions of the tubular body portion 12 are in- 



serted into the respective fixing portions 1 4 over a length 
W of about 30mm, and are welded to the fixing portions 
14 over a length of about 25mm, by arc welding, for ex- 
ample. 

[0046] The tubular body portion 12 is formed from a 
straight rectangular steel plate, for example, a steel 
plate SPFC1270Y, JIS (Japanese Industrial Standard) 
having a tensile strength of about 130kgf/mm2 and a 
thickness of 1.6mm. Described more specifically, the 
steel plate is formed into a tubular shape having a high 
degree of roundness, such that the opposite long-side 
edges are butted together. The thus formed tube is weld- 
ed by arc welding, for example, at a longitudinally middle 
section of the tube over a length of 400mm along the 
butted edges such that the welded section 12a extends 
over 200mm from a longitudinal center point S of the 
tube in the opposite longitudinal directions. The thus ob- 
tained tubular body portion 12 has an outside diameter 
of about 31 .8mm. The tubular body portion 1 2 is fixed 
to the fixing portions 14 so that the lower side of the body 
portion 12 as seen in Fig. 1(a) faces in the laterally in- 
ward direction of the vehicle. 

[0047] Each of the fixing portions 14 is formed from a 
hot-dip zinc-coated steel plate, for example, steel plate 
SGC440, JIS having a tensile strength of 45kgf/mm 2 
and a thickness of 1 .2mm. Described more particularly, 
the steel plate is formed by pressing into the fixing por- 
tion 14 having an opening 14a which has a semi-circular 
bottom whose radius of curvature is substantially equal 
to that of the outer circumferential surface of the tubular 
body portion 12. That is, the width of the opening 14a 
as measured in the direction perpendicular to the thick- 
ness direction of the fixing portion 14 is substantially 
equal to the outside diameter of the tubular body portion 
1 2. The opposite end portions of the tubular body portion 
1 2 are received in the openings 14a of the fixing portions 
14 and secured to the fixing portions 14 by arc welding, 
for example. Each fixing portion 14 has a pair of holes 
14b, which are pilot holes formed through the steel plate 
and used in a pressing operation to form the fixing por- 
tion 14. These holes 14b are filled by welding. The 
length and position of welding of the welded portion 12a 
of the tubular body portion 12 may be changed as need- 
ed. The wended portion 12a may be provided over the 
entire length of the body portion 12. 
[0048] Referring next to Figs. 2(a), 2(b) and 2(c). the 
reinforcement 16 will be described. The reinforcement 
16 is a tubular member which has a circular transverse 
cross sectional shape as indicated in Figs. 2(b) and 2 
(c), and an outside diameter substantially equal to the 
inside diameter of the tubular body portion 12. The tu- 
bular reinforcement 16 is disposed within the tubular 
body portion 12 such that the reinforcement is held in 
close contact at its outer circumferential surface with the 
inner circumferential surface of the body portion 12. The 
reinforcement 16 includes a thick-walled portion in the 
form of a solid partition wall 1 8 formed in a longitudinally 
or axially central portion thereof such that the partition 
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waH 18 extends in the radial direction, so that the interior 
of the reinforcement is separated by the partition wall 
18 into two longitudinal sections. The partition wall 18 
has a thickness determined to have give the reinforce- 
ment 1 6 a sufficient degree of bending strength or rigid- 5 
ity. The thickness is the dimension in the longitudinal di- 
rection of the reinforcement 16. 

[0049] The reinforcement 1 6 further includes opposite 
end portions in the form of decreasing-thickness por- 
tions 20, 20 each formed over a predetermined length 10 
E up to the corresponding outer end such that the two 
decreasing-thickness portion 20, 20 are symmetrical 
with each other with the partition wall 1 8 interposed ther- 
ebetween in the longitudinal direction of the reinforce- 
ment 16. Each decreasing-thickness portion 20 has a 15 
tapered inner circumferential surface such that the in- 
side diameter increases in the longitudinal direction 
from the partition wall 1 8 toward the corresponding outer 
end, so that the wall thickness of the decreasing-thick- 
ness portion 20 linearly decreases in the above-indicat- 20 
ed longitudinal direction until the wall thickness is sub- 
stantially zeroed at the outer end so as to form an edge. 
[0050] The reinforcement 16 also includes two con- 
stant-thickness portions 22 each formed between the 
partition wall 18 and the corresponding one of the two 2s 
decreasing-thickness portions 20 described above. 
Each constant-thickness portion 22 has a constant wall 
thickness over its entire length in the longitudinal direc- 
tion of the reinforcement 16. The rate of change or de- 
crease of the wall thickness (taper angle) and the length 30 
E of the decreasing-thickness portions 20, and the wall 
thickness at the outer ends of these portions 20 are de- 
termined so that the bending rigidity of the reinforcement 
16 smoothly decreases in the longitudinally outward di- 
rections and is almost zeroed at the outer ends (edges), 35 
in order to avoid cracking or fracture of the tubular body 
portion 12 due to stress concentration at the end por- 
tions of the reinforcement 16. Between the partition wall 
18 and the constant-thickness portions 22, there are 
formed annular fillets 23 having a suitable radius of cur- *o 
vature, in order to avoid sudden changes of the bending 
rigidity of the reinforcement 16 and consequent stress 
concentration at the parts between the partition wall 18 
and the constant-thickness portions 22. 
[0051] The reinforcement 16 is symmetrical with re- 45 
spect to its centerline O in all radial directions. Namely, 
the wall thickness of the reinforcement 16 at any longi- 
tudinal position thereof is constant in the circumferential 
direction. Therefore, the reinforcement 16 can be dis- 
posed within the tubular body portion 12, without spe- so 
cific positioning of the reinforcement 16 relative to the 
tubular body portion 12 in the circumferential direction. 
The wall thickness values of the portions 18, 20, 22 and 
the radius of curvature of the fillets 23 may be deter- 
mined as needed depending upon the material of the ss 
reinforcement 16. In the present specific embodiment, 
the reinforcement 16 is formed of a carbon steel (used 
for structural members), for example, SC45, JIS, and 



has the dimensions (in mm) as indicated in Fig. 3 and a 
weight W of about 122gf. The reinforcement 16 may be 
formed by cold forging or machining. In the present em- 
bodiment, the reinforcement 1 6 is formed by machining, 
and press-fitted into the tubular body portion 12 through 
one of the opposite open ends of the body portion 12 
before the fixing portions 14 are welded to the body por- 
tion 12. When the reinforcement 16 is press-fitted in the 
tubular body portion 12, the reinforcement 16 is posi- 
tioned in the longitudinal direction relative to the body 
portion 12, by a suitable positioning jig inserted into the 
body portion 12 through the other open end of the body 
portion 12, such that the longitudinal center point (par- 
tition wall 18) of the reinforcement 16 is substantially 
aligned with or located at the longitudinal center point S 
of the body portion 12, as indicated in Fig. 2(a). In the 
present embodiment, the reinforcement 16 is fixed in the 
body portion 1 2 by means of only an interference fit ther- 
ebetween. However, the reinforcement 16 may be fixed 
to the body portion 16 by other means such as welding 
or a bonding agent such as a resin material. 
[0052] As described above, the the impact beam 10 
according to the present embodiment is reinforced by 
the reinforcement 16 which has the partition wall 18 at 
its longitudinally central portion, and the decreasing- 
thickness portions 20 as the longitudinally opposite end 
portions each formed over the length E such that the 
wall thickness of each decreasing-thickness portion 20 
linearly decreases in the longitudinally outward direction 
toward the end so that the thickness at the end is almost 
zero. The reinforcement 16 is fixed at the longitudinally 
central portion of the tubular body portion 12, so that the 
impact beam 10 has a sufficiently high buckling resist- 
ance around the longitudinal center point S of the body 
portion 12, and does not suffer from stress concentra- 
tion around the ends of the reinforcement 16. Thus, the 
bending strength of the impact beam 10 is effectively 
increased to a practically satisfactory value, without 
considerable amounts of increase in the weight and cost 
of manufacture of the impact beam 10 due to the provi- 
sion of the reinforcement 16. 

[0053] Further, the thick-walled portion in the form of 
the partition wall 18 gives the reinforcement 16 a signif- 
icantly increased resistance to buckling, while the de- 
creasing-thickness portions 20 whose wall thickness 
value linearly decreases can be comparatively easily 
and economically formed. In addition, the constant- 
thickness portions 22 having a constant wall thickness 
and formed between the partition wall 18 and the de- 
creasing-thickness portions 20 so as to define the fillets 
23 therebetween with a suitable radius of curvature 
make it possible to give the reinforcement 16 a desired 
bending rigidity, depending upon the length dimension 
of the constant-thickness portions 22. Accordingly, by 
suitably determining the length dimension of the con- 
stant-thickness portions 22, the reinforcement 16 can 
be used for various impact beams 10 whose tubular 
body portions 12 have different length dimensions. 
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[0054] To further clarify the advantage of the present 
embodiment, a bending test was conducted on the im- 
pact beam 10, using a testing apparatus as shown in 
Fig, 4. To conduct the bending test, the impact beam 10 
was set on the testing apparatus, by first securing the 5 
two fixing portions 14 to respective metal support mem- 
bers 24 by arc weiding, and then fastening the support 
members 24 to a surface plate 26 of the testing appa- 
ratus by bolts 29. The two support members 24, each 
of which has a U shape in cross section, were positioned 
on the surface plate 26 such that the U-shaped openings 
of the support members 23 are open toward each other. 
The support members 24 are reinforced by respective 
reinforcing plates 28 secured thereto by arc welding, so 
as to provide highly rigid support structures 24, 28 which 
undergo substantially no deformation in the bending 
test. The impact beam 10 was positioned so as to have 
a substantially horizontal attitude, such that the welded 
portion 12a of the body portion 12 which is to face in the 
laterally inward direction of the vehicle when installed 
on the vehicle is located on the lower side of the impact 
beam 10 or faces downward. 

[0055] In this condition, the pendulum 30 having a 
semi-circular cross sectional shape as shown in Fig. 4 
was lowered substantially in the vertical direction, onto 
to the tubular body portion 12 at the longitudinal center 
point S of the latter. The pendulum 30 has a radius of 
curvature of 152mm and a thickness of 40mm. The 
amount of downward displacement of the body portion 
12 at the center point S (namely, the amount of down- 
ward movement of the pendulum 30) was measured at 
different values of the load which acts on the body por- 
tion 12 through the pendulum 30. 
[0056] The graph of Fig. 5 indicates a relationship be- 
tween the amount of displacement and the load. The 
pendulum 30 was lowered over its maximum operating 
stroke of 202.3mm, that is, lowered to its lower stroke 
end, without fracture or buckling of the impact beam 10. 
The maximum toad measured at the lower stroke end 
of the pendulum 30 was 3367kgf. As indicated in row 
No. 1 of the table of Fig. 24, the amount of energy ab- 
sorption by the impact beam 10 by the time the pendu- 
lum 30 was lowered to its lower stroke end was 
318.7kgf-m, and the average load was 1576.9kgf. The 
energy absorption amount is an integral of the load val- 
ues by the time the pendulum 30 was lowered to a given 
point (to the lower stroke end in the above case), and 
the average load is obtained by dividing the energy ab- 
sorption amount by the displacement. The row No. 1 of 
the table of Fig. 24 also indicates the energy absorption 
amount and the average load when the displacement 
was 152mm (6 inches). Broken line in the graph of Fig. 
5 indicates this displacement value of 152mm. 
[0057] There will be described various other embodi- 
ments of this invention, wherein the same reference nu- 
merals as used in the first embodiment will be used to 
identify the functionally corresponding elements, and re- 
dundant descriptions of those elements will not be pro- 



vided. 

[0058] Referring to the partly cut-away view of Fig. 6, 
there is shown an impact beam 32 for a side door of a 
motor vehicle, which is constructed according to a sec- 
ond embodiment of this invention. The impact beam 32 
is substantially identical in construction with the-impact 
beam 10 of Figs. 1(a)-1(c), except for the provision of 
an end reinforcement 34 disposed in each of the oppo- 
site axial end portions of the tubular body portion 12, in 
addition to the intermediate reinforcement 16. 
[0059] The end reinforcement 34 is shown in enlarge- 
ment in Figs. 7(a), 7(b) and 7(c). This end reinforcement 
34 is a tubular member which has an outside diameter 
substantially equal to the inside diameter of the tubular 
body portion 12. The end reinforcement 34 is disposed 
such that its outer circumferential surface is held in sub- 
stantially close contact with the inner circumferential 
surface of the tubular body portion 1 2. The tubular mem- 
ber of the end reinforcement 34 is closed by a bottom 
portion 36 at one axial end thereof, which closes the cor- 
responding end of the tubular body portion 12. The bot- 
tom portion 36 has a wall thickness determined to have 
a desired bending rigidity or strength. The end reinforce- 
ment 34 further has a decreasing-thickness portion 38 
whose inner circumferential surface is tapered such that 
the wall thickness linearly decreases in the axial direc- 
tion from the bottom portion 36 at the above-indicated 
one axial end toward the other open inner axial end, 
namely, toward the axially central portion of the body 
portion 12. The thickness of the decreasing-thickness 
portion 38 is substantially zero at the inner axial end. 
The rate of decrease of the wall thickness (taper angle) 
of the decreasing-thickness portion 38 and the thick- 
ness at the inner axial end of the portion 38 are deter- 
mined so that the bending rigidity or strength smoothly 
decreases in the above-indicated axial direction such 
that the bending rigidity at the inner axial end of the por- 
tion 38 is substantially zero, in order to prevent cracking 
or fracture of the tubular body portion 12 due to stress 
concentration around the inner axial end of the portion 
38. The end reinforcement 34 is secured within the body 
portion 12 by suitable means such as a bonding adhe- 
sive such that the outer end surface of the bottom por- 
tion 36 is substantially flush with the corresponding end 
face of the body portion 12. The axial dimension of the 
end reinforcement 34 is determined so that its inner end 
is spaced from the inner end of the corresponding fixing 
portion 14 by a suitable distance in the axial direction 
toward the central portion of the body portion 12. The 
end reinforcement 34 is formed of a material similar to 
that of the reinforcement 16. For instance, the end rein- 
forcement 34 is formed of a carbon steel generally used 
for structural members. 

[0060] The impact beam 32 according to the present 
second embodiment of the invention has the advantage 
described above with respect to the first embodiment. 
Further, the present impact beam 32 including the end 
reinforcements 34 disposed within the opposite end por- 
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tions of the body portion 12 has an additional advantage 
in the buckling resistance and bending strength at the 
opposite end portions of the tubular body portion 12 at 
which the body portion 12 is fixed to the fixing portions 
14 through which the load is received by the frame mem- 5 
ber of the side door. As explained above, each end re^ 
inforcement 34 is a tubular member including the bottom 
portion 36 at its one axial end and the decreasing-thick- 
ness portion 38 whose wall thickness linearly decreases 
in the axial direction from the bottom portion 36 toward 10 
the other or inner axial end such that the wall thickness 
at the inner axial end is substantially zero. This end re- 
inforcements 34 cooperate with the central reinforce- 
ment 16 for reinforcing the central portion of the body 
portion 12 to improve the overall impact resistance and is 
impact energy absorption characteristic. In addition,' the 
continuous reduction of the wall thickness of the end re- 
inforcement 34 to a substantially zero value at the inner 
end of the end reinforcement 34 is effective to prevent 
the stress concentration around the inner end of the end 20 
reinforcement 34, thereby minimizing the possibility of 
cracking and fracture of the body portion 12 near the 
inner end of the end reinforcement 34. 
[0061] Referring to Fig. 8, there is shown a reinforce- 
ment 40 constructed according to a third embodiment 25 
of this invention. The reinforcement 40 includes a thick- 
walled portion in the form of a solid partition wall 42, and 
two decreasing-thickness portions 44 on the opposite 
sides of the partition wall 42. The wall thickness of the 
partition wall 42 changes non-linearly following a pattern 30 
of stress distribution when the impact beam is subject 
to a load. Described in detail, each of the opposite sur- 
faces of the partition wall 42 is a part-spherical surface 
having a suitable curvature with its center being located 
on the centerline O of the tubular reinforcement 40. The 35 
thickness of the partition wall 42 is minimum on the cen- 
terline O and non-linearly increases in the radially out- 
ward direction so that the partition wall 42 is smoothly 
contiguous, at its radially outer end, with the large-thick- 
ness ends of the decreasing-thickness portions 44 40 
whose wall thickness linearly changes with its inside di- 
ameter linearly increasing in the opposite longitudinal 
directions from the partition wall 42 toward the ends of 
the reinforcement 40. The reinforcement 40 is symmet- 
rical with respect to the centerline O and with respect to 45 
the partition wall 42. 

[0062] Fig. 9 shows a stress distribution on an impact 
beam 10' which consists of the tubular body portion 12 
and the fixing portions 14 but does not include any re- 
inforcement. This stress distribution was obtained by a 50 
FEM (finite-element method) analysis when the end 
face of the pendulum 30 was forced onto the impact 
beam 10', at the longitudinal center point S, as in the 
bending test of Fig. 4. In this stress distribution, the 
stress continuously decreases in the opposite longitudi- 55 
nal directions of the impact beam 10', with an increase 
in the distance from the load application point (S), as 
indicated at (1) through (4) in Fig. 9. The stress has a 



maximum value omax at the load application point or 
center point S, as indicated in the graph of Fig. 10. In 
this graph, the distance (mm) from the load application 
point S is taken along the abscissa (right and left direc- 
tion in Fig. 9), while the value of the stress on the upper 
side of the impact beam 10' is taken along the ordinate. 
It will be understood from the graph of Fig. 10 that the 
stress non-linearly changes with the distance from the 
load application point S. The radius of curvature of the 
opposite part-spherical surfaces of the partition wall 42 
of the reinforcement 40 is determined so that the bend- 
ing strength or rigidity of the impact beam provided with 
the reinforcement 40 follows the stress distribution of 
Fig. 10 as much as practical. 

[0063] The reinforcement 40 is formed of an alumi- 
num alloy, more specifically, an aluminum alloy A5056, 
JIS, and has dimensions (mm) as indicated in Fig. 8 and 
a weight W of about 63gf. Like the reinforcement 16 of 
Fig. 2(a), the reinforcement 40 is formed by machining 
and fixed by press fitting within the tubular body portion 
12, at the longitudinal center point S of the body portion 
12. 

[0064] Like the reinforcement 1 6 used in the first and 
second embodiments of Figs. 2 and 6, the reinforcement 
40 according to the third embodiment of Fig. 8 gives an 
increased buckling resistance around the longitudinal 
center point S of the body portion 1 2 of the impact beam, 
while preventing stress concentration near the opposite 
ends of the reinforcement 40, so that the bending 
strength of the impact beam is effectively improved to a 
practically satisfactory level, while minimizing the 
amounts of increase in the weight and cost of manufac- 
ture of the impact beam due to the use of the reinforce- 
ment 40. In particular, the use of an aluminum alloy con- 
siderably reduces the weight of the reinforcement 40, 
that is, to about a half that of the reinforcement 16 
formed of a carbon steel. Further, the thick-walled por- 
tion in the form of the partition wall 42 whose wall thick- 
ness non-linearly changes provides an increased buck- 
ling resistance, while the decreasing-thickness portions 
44 whose wall thickness linearly changes provides are 
comparatively easy to manufacture, like the decreasing 
thickness portions 20, 38. 

[0065] Since the opposite part-spherical surfaces of 
the partition wall 42 are smoothly contiguous with the 
inner surfaces of the decreasing-thickness portions 44, 
the reinforcement 40 has a bending rigidity distribution 
similar to the stress distribution indicated in Fig. 10, so 
that the bending strength is most effectively increased 
while minimizing the amounts of increase in the weight 
and cost of the impact beam. In addition, the center of 
the curvature of each part-spherical surface of the par- 
tition wall 42 lies on the centerline O of the reinforcement 
40, the partition wall 42 is comparatively easy to manu- 
facture. 

[0066] A bending test was conducted on the impact 
beam in which the reinforcement 40 rather than the re- 
inforcement 16 is press-fitted in the tubular body portion 
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12. The test was conducted in the same manner used 
in the bending test of Fig. 4. The test of this impact beam 
showed a load-displacement relationship as indicated 
in the graph of Fig. 1 1 . In this test in which the holes 14b 
in the fixing portions 1 4 were not filled , the fixing portions 5 
14 were fractured at the open holes 14b when the dis- 
placement increased to 185.4mm with the application of 
a load of 2944kgf. As indicated in row No. 2 of the table 
of Fig. 24, the amount of energy absorption by the im- 
pact beam at the maximum load (maximum displace- 10 
ment of 2944kgf) was 265.3kgfm, and the average load 
was 1431 .Okgf. The maximum load values in Fig. 24 cor- 
responds to the bending strength. 
[0067] Although the reinforcement 40 of Fig. 8 is 
formed by machining, it may be formed by cold forging 15 
as shown in Figs. 12(a) and 12(b). The cold forging is 
effected by using a forging die 46 which has a forming 
hole 48 having an inside diameter substantially equal to 
the outside diameter of the reinforcement 40. The forg- 
ing die 46 is adapted to receive a knock-out 52 and a 20 
punch 56 in a bottom portion of the forming hole 48, as 
indicated in Fig. 12(a). The knock-out 52 has an outer 
forming surface 50 which is formed so as to follow the 
part-spherical surface of the partition wall 42 and the 
inner circumferential surface of the decreasing-thick- 25 
ness portion 44. The knock-out 52 is vertically movable 
in the forming hole 48. The forging die 46 is further 
adapted to receive a punch 56 in an upper portion of the 
forming hole 48. The punch 56 has a forming surface 
54 identical with the forming surface 50 of the knock-out so 
52, as indicated in Fig. 12(b). In a forging operation, the 
punch 56 is lowered into the forming force 48, to a pre- 
determined lower stroke end thereof toward the knock- 
out 52 held in a predetermined position. 
[0068] To form the reinforcement 40 by cold forging, 35 
a solid cylindrical blank 58 of aluminum alloy A5056, JIS 
whose outside diameter and volume (mass) are sub- 
stantially equal to those of the reinforcement 40 is in- 
serted into the forming hole 48 of the forging die 46, 
while the punch 56 is located at a fully retracted position 40 
above the die 46 and the knock-out 52 is located at the 
predetermined position, as indicated in Fig. 12(a). The 
blank 58 is subjected to a bonderizing or other treatment 
as needed, before the forging operation. In the state of 
Fig. 12(a), the punch 56 is lowered to its lower stroke 45 
end within the forging hole 48, with the forming surface 
54 facing the blank 58, so that the blank 58 is forged 
between the forming surfaces 50, 54 of the knock-out 
52 and punch 56, as indicated in Fig. 12(b), whereby the 
reinforcement 40 is formed. Then, the knock-out 52 is so 
moved upward, forcing the formed reinforcement 40 out 
of the forming hole 48. While the blank 58 may be forged 
into the reinforcement 40 by a single forging action, two 
or more forging actions may be performed to forge the 
blank 58 into the reinforcement 40. If necessary or de- 55 
sired, the reinforcement as forged may be subjected to 
a finish machining operation. 

[0069] The cold forging operation to manufacture the 



reinforcement 40 is easier and less costly than a ma- 
chining operation, and ensures a higher mechanical 
strength, making it possible to reduce the required wall 
thickness of the reinforcement 40, thereby resulting in 
a reduced weight of the reinforcement 40. Further, since 
the reinforcement 40 is shaped with its wall thickness 
continuously decreasing in the opposite axial directions 
from the partition wall 42 toward the opposite ends of 
the reinforcement 40, the forging operation can be easily 
achieved with relatively small loads acting on the forging 
die 46, punch 56, etc. This leads to a prolonged life of 
the forging die 46, and a reduced number of forging ac- 
tions required for forging the cylindrical blank 58 into the 
reinforcement 40. The forging operation is further facil- 
itated by the use of an aluminum alloy material which 
flows relatively easily during the forging operation. 
[0070] Referring to Fig. 13, there is shown an impact 
beam 160 for a side door of a motor vehicle, in cross 
section taken in a plane including the centerline O of the 
impact beam 160. This impact beam 160, which is con- 
structed according to a fourth embodiment of the inven- 
tion, is a generally tubular member including a reinforce- 
ment portion 162 integrally formed as a longitudinally 
central portion thereof. The reinforcement portion 162 
has an annular projection 164 formed on the inner cir- 
cumferential surface, at a longitudinally central part 
thereof. This annular projection 164 has a semi-circular 
shape in cross section as shown in Fig. 13. The rein- 
forcement portion 162 further has two decreasing-thick- 
ness portions 166, 166 on the opposite sides of the an- 
nular projection 164. The inner circumferential surface 
of each decreasing-thickness portion 166 is tapered 
such that the wall thickness of the decreasing-thickness 
portion 166 is maximum at one end thereof adjacent to 
the annular projection 164 and linearly decreases in the 
axial direction from the above-indicated one end to the 
other end. In this embodiment, the reinforcement portion 
162 has a length of about 150mm, and the impact beam 
1 60 has an outside diameter of about 31 .8mm. The wall 
thickness of the impact beam 160 at its portions other 
than the reinforcement portion 1 62 is about 1 .6mm. The 
wall thickness of the reinforcement portion 162 at the 
axial center of the annular projection 164 is about 
7.0mm. That is, the radial dimension from the outer cir- 
cumferential surface of the impact beam 160 to the tip 
of the annular projection 164 is about 7.0mm. The an- 
nular projection 164 has a radius of curvature of about 
4mm. Like the tubular body portion 12 of the impact 
beam 10, the impact beam 160 is formed from a steel 
plate having a high tensile strength. 
[0071] An example of a process of manufacturing the 
impact beam 160 will be described by reference to the 
flow chart of Fig. 14. The process is initiated with step 
1 in which a blank is hot-rolled by a roller rolling 170, 
into a plate 182 which corresponds to a plurality of de- 
velopments of the impact beam 1 60 along a straight line 
parallel to the axis or centerline 0. As shown in Fig. 15, 
the plate 182 has a changing-thickness portion 180 cor- 
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responding to the reinforcement portion 162. The 
changing-thickness portion 180 has the same thickness 
variation as the wall thickness variation of the reinforce- 
ment portion 162. The roller 170 has an annular groove 
172 formed in a longitudinal central part thereof, and a 
pair of tapered portions 174 formed on the opposite 
sides of the annular groove 172. The annular groove 
172 has a semi-circular shape in cross section, and 
each tapered portion 1 74 has an outside diameter which 
continuously increases in the axial direction from the an- 
nular groove 1 72 toward its end remote from the annular 
groove 172. 

[0072] I n the next step 2, a plurality of parallel notches 
168 are formed, as shown in Fig. 16, in the surface of 
the changing-thickness portion 180 of the plate 182, 
which surface was shaped by the roller 170 in the roller 
step 1. The notches 168 are formed at a predetermined 
interval in the changing-thickness portion 180, by a 
notching roller having a plurality of blades or teeth for 
forming the notches 168. The blades or teeth are formed 
so as to extend in the axial direction of the notching roll- 
er, and the notching roller is disposed downstream of 
the rolling roller 170 such that the axes of the rolling and 
notching rollers are parallel to each other. With these 
rollers rotated synchronously with each other, the notch- 
ing step 2 to form the notches 1 68 in the changing-thick- 
ness portion 180 of the plate 182 is performed following 
the rolling step 1 in which the plate 182 is formed by the 
roller roller 170. The notches 168 may be formed after 
the plate 182 is cut in the following step 3 into elongate 
strips 1 82a. In this case, the notches 1 68 may be formed 
in each strip 182a by a rotary cutter, for example. 
[0073] In the step 3, the plate 182 in which the notches 
168 have been formed in the step 2 is cut by a suitable 
cutter, along parallel cutting lines at a predetermined in- 
terval, for example, at an interval of 99.8mm, as indicat- 
ed in Fig. 16. Thus, the plate 182 is cut into a plurality 
of elongate strips 182a, one of which is shown in Figs. 
17(a), 17(b) and 17(c) taken long line 17(c)-17(c) of Fig. 
17(a), the notches 168 are grooves which have a V 
shape in cross sectipn. The angle of the V-grooves 168 
is determined so that the opposed surfaces of each V- 
grobve 168 come into contact with each other when the 
elongate strip 1 82a is formed into a tube in the following 
step 4. 

[0074] In the step 4, each elongate strip 182a is first 
subjected to a bending operation on a press so that the 
strip 182a is formed into a U-shaped structure. Then, 
the U-shaped structure is subjected to a bending oper- 
ation so that the U-shaped structure is formed into a tube 
wherein the opposite long-side edges of the strip 182a 
are butted together, while the opposite surfaces of each 
V-grooves notch 168 contact each other. Then, step 5 
is implemented to effect seam welding along the butted 
edges of the tube. This seam welding may be effected 
by arc welding, for example. Thus, the impact beam 160 
having the integrally formed reinforcement 162 at its lon- 
gitudinally central portion is manufactured. The impact 



beam 160 may be subjected to a suitable heat treatment 
such as hardening or annealing. 
[0075] The impact beam 160 having the integral rein- 
forcement portion 162 does not require a bonding ad- 
5 hesive such as a resin material for fixing the reinforce- 
ment portion 162, and accordingly has an increased me- 
chanical strength and a reduced weight. Further, the 
number of the required process steps is significantly re- 
duced and the cost of manufacture of the impact beam 
10 160 is accordingly reduced. 

[0076] Referring to Fig. 18, there will be described a 
reinforcement 60 according to a fifth embodiment of this 
invention. Like the reinforcement 16 of the first embod- 
iment, the reinforcement 60 consists of a thick-walled 
*5 portion in the form of a solid partition wall 62, two con- 
stant-thickness portions 64 and two decreasing-thick- 
ness portions 66. The reinforcement 60 is formed of an 
aluminum alloy, that is, more specifically, alloy A5056, 
JIS, and has dimensions (mm) as indicated in Fig. 18. 
20 The reinforcement 60 has a weight W of about 40gf. Like 
the reinforcement 16, the reinforcement 60 is formed by 
machining, and is press-fitted within the tubular body 
portion 12, at the longitudinally center point S. The re- 
inforcement 60 is symmetrical with respect to the cen- 
25 teriine O and with respect to the partition wall 62. 

[0077] The reinforcement 60 of this fifth embodiment 
has substantially the same advantage as the reinforce- 
ment 16 of the first embodiment. In addition, the rein- 
forcement 60 formed of an aluminum alloy such that the 
30 wall thickness values of the portions 62. 64, 66 are re- 
duced to the minimum values required to assure the de- 
sired bending strength, so that the impact beam 60 has 
the weight W as small as about 40gf. 
[0078] A bending test was conducted on the impact 
35 beam in which the reinforcement 60 rather than the re- 
inforcement 16 is press-fitted in the tubular body portion 
12. The test was conducted on the testing apparatus of 
Fig. 4. The test of this impact beam showed a load-dis- 
placement relationship as indicated in the graph of Fig. 
40 19. m this test, the support members 24 of the testing 
apparatus were fixed by the bolts 29 to the surface plate 
26 such that the U-shaped openings of the support 
members 24 were open outwardly of the apparatus. The 
support members 24 were fractured at their portions 
45 welded to the reinforcing plates 28, when the displace- 
ment increased to 196.7mm with the application of a 
load of 2833kgf. As indicated in row No. 3 of the table 
of Fig. 24, the amount of energy absorption by the im- 
pact beam at the maximum load (maximum displace- 
50 ment of 2833kgf) was 276.5kgf-m, and the average load 
was 1405.7.0kgf. The length of the welded sections 12a 
of the body portion 12 was 500mm. 
[0079] Reference is now made to Figs. 20 and 21 
showing comparative reinforcements 70 and 72. The re- 
55 inforcement 70 shown in Fig. 20 is a solid cylindrical 
member, while the reinforcement 72 shown in Fig. 21 is 
a tubular member. The reinforcements 70, 72 are both 
formed of carbon steel S45C, JIS, and have the dimen- 
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sions as indicated in Figs. 20 and 21 , so that these two 
reinforcements 70, 72 have substantially the same 
weight W as the reinforcement 16. 
[0080] Bending tests were also conducted on the im- 
pact beams in which the reinforcements 70, 72 rather 
than the reinforcement 16 were press-fitted in the tubu- 
lar body portion 12. The tests were conducted in the 
same manner as in the test of Fig. 4. The tests showed 
load-displacement relationships as indicated in the 
graphs of Figs. 22 and 23, respectively. The two impact 
beams were both fractured due to stress concentration 
near the ends of the reinforcement 70, 72. The reinforce- 
ment 70 had a maximum displacement of 143.0mm and 
a maximum load of 1958kgf, while the reinforcement 72 
had a maximum displacement of 121.9mm and a max- 
imum load of 1876kgf. As indicated in rows Nos. 4 and 
5 of the table of Fig. 24, the amounts of energy absorp- 
tion by the impact beams at the maximum load were 
131.9kgfm (reinforcement 70) and 112.3kgf m (rein- 
forcement 72), and the average load values were 
922.3kgf (reinforcement 70) and 921.2kgf (reinforce- 
ment 72). 

[0081] It will be understood that the maximum load 
value of the impact beam provided with the reinforce- 
ment 16 (indicated in the row No. 1 of Fig. 24) is about 
1.7-1.8 times those of the impact beams provided with 
the reinforcements 70, 72, and that the energy absorp- 
tion amounts of the former is about 2.4-2.8 times those 
of the latter. In this respect, it is noted that the reinforce- 
ment 1 6 is formed of the same material as the reinforce- 
ments 70, 72. It will also be understood that the maxi- 
mum load values and the energy absorption amounts of 
the impact beams provided with the reinforcement 40 
(indicated in the row No. 2) and the reinforcement 60 
(indicated in the row No. 3) are considerably improved 
over those of the impact beams provided with the com- 
parative reinforcements 70, 72. 

[0082] Refemng to Fig. 25, there is shown a reinforce- 
ment 80 constructed according to a sixth embodiment 
of this invention, which consists of a first piece 82, a sec- 
ond piece 84, a third piece 86, and two auxiliary pieces 
88 disposed at mutually engaging end portions of the 
three pieces 82, 84, 86. As shown in Figs. 26(a), 26(b) 
and 26(c), the first piece 82 is a tubular member having 
an outside diameter substantially equal to the inside di- 
ameter of the tubular body portion 12. This tubular mem- 
ber includes a partition wall 90 at an axially central por- 
tion thereof, and a first engaging portion 92 at one of 
opposite axial ends thereof and a second engaging por- 
tion 92 at the other axial end. The first engaging portion 
92 has an inside diameter substantially equal to an out- 
side diameter of the second engaging portion 94. The 
partition wall 90 has opposite part-spherical surfaces 
each of which has a suitable curvature having a center 
lying on the centerline O of the first piece 80. The inner 
circumferential surfaces between the partition wall 90 
and the first and second engaging portions 92, 94 are 
tapered such that the wall thickness continuously de- 



creases in the opposite axial directions from the partition 
wall 90 toward the engaging portions 92, 94. Each of the 
engaging portions 92, 94 has an axial length of about 
1 0mm and a wall thickness of about 2mm. The first piece 
5 82 has an overall axial length of about 120mm (including 
the lengths of the engaging portions 92, 94). The radius 
of curvature of each part-spherical surface of the parti- 
tion wall 90 is about 8mm. Fig. 26(a) is a longitudinal or 
axial cross sectional view taken in a plane including the 
10 centerline O, while Figs. 26(b) and 26(c) are end eleva- 
tional views taken in the opposite axial directions toward 
the first and second engaging portions 92, 94, respec- 
tively. While the portions between the partition wall 90 
and the engaging portions 92, 94 are decreasing-thick- 
15 ness portions with the tapered inner circumferential sur- 
faces, they may be constant-thickness portions having 
constant inner and outer diameters. 
[0083] As shown in Fig. 27, the second piece 84 is 
also a tubular member having an outside diameter sub- 
20 stanti ally equal to the inside diameter of the body portion 
12. This tubular member includes a partition wall 96 at 
an axially central portion thereof, and a decreasing- 
thickness portion 98 on one side of the partition wall 96. 
The decreasing-thickness portion 98 has a tapered in- 
25 ner circumferential surface such that the wall thickness 
linearly decreases in the axial direction from the partition 
wall 96 toward one end of the second piece 84, at which 
the wall thickness is substantially zero. The partition wall 
96 has opposite part-spherical surfaces each of which 
30 has a curvature having a center lying on the centerline 
O. One of these part-spherical surfaces is smoothly con- 
tiguous with the inner surface of the decreasing-thick- 
ness portion 98. The axial portion of the second piece 
84 on the other side of the partition wall 96 (remote-from 
35 the decreasing-thickness portion 98) is identical in size 
and shape with the axial portion of the first piece 82 
which includes the first engaging portion 92. This axial 
portion of the second piece 84 includes an engaging 
portion 100 identical with the first engaging portion 92. 
40 The engaging portion 100 is engageable with the sec- 
ond engaging portion 94 of the first piece 82 such that 
the inner circumferential surface of the engaging portion 
100 is in substantially close contact with the outer cir- 
cumferential surface of the engaging portion 94. 
45 [0084] As shown in Fig. 28, the third piece 86 is also 
a tubular member paving an outside diameter substan- 
tially equal to the inside diameter of the body portion 12. 
This tubular member includes a partition wall 102 at an 
axially central portion thereof, and a decreasing-thick- 
50 ness portion 104 on one side of the partition wall 102. 
The decreasing-thickness portion 104 has a tapered in- 
ner circumferential surface such that the wall thickness 
linearly decreases in the axial direction from the partition 
wail 96 toward one end of the third piece 86, at which 
55 the wall thickness is substantially zero. The partition wall 
102 has opposite part-spherical surfaces each of which 
has a curvature having a center lying on the centerline 
O. One of these part-spherical surfaces is smoothly con- 
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tiguous with the inner surface of the decreasing-thick- 
ness portion 104. The axial portion of the third piece 84 
on the other side of the partition wall 96 (remote from 
the decreasing-thickness portion 104) is identical in size 
and shape with the axial portion of the first piece 82 
which includes the second engaging portion 94. This ax- 
ial portion of the third piece 86 includes an engaging 
portion 106 identical with the second engaging portion 
94. The engaging portion 106 is engageable with the 
first engaging portion 92 of the first piece 82 such that 
the outer circumferential surface of the engaging portion 
106 is in substantially close contact with the inner cir- 
cumferential surface of the engaging portion 92. 
[0085] Each of the two auxiliary pieces 88 is a solid 
disk-shaped member having a circular cross sectional 
shape, as shown in Figs. 29(a) and 29(b). These auxil- 
iary pieces 88 are engageable with the inner surfaces 
of the second engaging portion 94 of the first piece 82 
and the engaging portion 106 of the third piece 86, re- 
spectively. 

[0086] The first, second and third pieces 82, 84, 86 
and the auxiliary pieces 88 are all formed of an alumi- 
num alloy, more specifically, an aluminum alloy A5056, 
JIS, by cold forging or machining. When the reinforce- 
ment 80 is assembled in the tubular body portion 12, the 
third piece 86 is initially forced into the body portion 12 
with the decreasing-thickness portion 104 leading the 
other portions, until the engaging portion 106 is located 
close to the appropriate open end of the body portion 
12. Then, one of the auxiliary pieces 88 is brought into 
engagement with the inner circumferential surface of the 
engaging portion 106 of the third piece 86, and the first 
engaging portion 92 of the first piece 82 is brought into 
engagement with the outer circumferential surface of 
the engaging portion 106. The first piece 82 is forced 
into the body portion 1 2, together with the third piece 86, 
until the second engaging portion 92 of the first piece 
82 is located close to the open end of the body portion 
12. Then, the other auxiliary piece 88 is brought into en- 
gagement with the inner circumferential surface of the 
second engaging portion 94 of the first piece 82, and the 
engaging portion 100 of the second piece 84 is brought 
into engagement with the outer circumferential surface 
of the second engaging portion 94 of the first piece 82. 
Finally, the second piece 84 is forced into the body por- 
tion 12, together with the first and third pieces 82, 86, 
until the reinforcement 80 consisting of the pieces 82,84, 
86, 88 is located at a predetermined axial position of the 
body portion 12. 

[0087] Where the side door has a relatively large size 
and the body portion 12 of the impact beam is accord- 
ingly long, the reinforcement 80 may include two more 
more first pieces 82 connected to each other at the first 
and second engaging portions 92, 94: 
[0088] In the reinforcement 80 assembled as shown 
in Fig. 25, the axial portion between the partition wall 96 
of the second piece 84 and the partition wall 102 of the 
third piece 86 functions as a long thick-walled portion 



having a relatively high bucking resistance, and the de- 
creasing-thickness portions 98, 104 at the opposite end 
portions of the reinforcement 80, which portions 98, 1 04 
are effective to prevent stress concentration near the 
5 opposite axial ends of the reinforcement 80. Thus, the 
bending strength of the impact beam is effectively in- 
creased by the reinforcement 80. Further, a desired 
number of first pieces 82 can be connected to each oth- 
er, so that bending strength of the impact beam can be 

10 improved over a desired length. In other words, the 
length of the reinforcement 80 can be adjusted by 
changing the number of the first pieces 82, depending 
upon the length of the tubular body portion 12 of the im- 
pact beam, which changes with the specific types or 

15 models of the vehicle. 

[0089] A reinforcement 110 constructed according to 
a seventh embodiment of the invention is shown in Fig. 
30. This reinforcement 110, which is basically similar in 
shape to the reinforcement 40, includes a thick-walled 

20 portion in the form of a partition wall 112, and decreas- 
ing-thickness portions 114, 114. However, the reinforce- 
ment 110 is asymmetric with respect to the centerline 
O. Namely, the reinforcement 110 has a shorter axial 
dimension at a lower part as seen in Fig. 30, in view of 

25 the stress distribution indicated in Fig. 9. The lower part 
of the reinforcement 110 is located on the laterally inner 
side of the vehicle when the impact beam provided with 
the reinforcement 110 is installed in the side door of the 
vehicle. Thus, the reinforcement 110 has a reduced 

so weight, while assuring a sufficiently high bending 
strength with respect to a load which acts on the rein- 
forcement 11 0 in the downward direction as seen in Fig. 
30, that is, in the laterally inward direction of the vehicle. 
[0090] A reinforcement 120 according to an eighth 

35 embodiment of the invention is shown in Fig. 31 . This 
reinforcement 40, which is also basically similar in 
shape to the reinforcement 40, includes a thick-walled 
portion in the form of a partition wall 122, and decreas- 
ing-thickness portions 124. However, the partition wall 

40 122 has a center through-hole 126, for optimizing the 
bending strength of the partition wall 122. 
[0091] A reinforcement 130 according to a ninth em- 
bodiment of the invention is shown in Fig. 32. Like the 
reinforcement 1 6, the reinforcement 1 30 includes a con- 

45 stant-thickness partition wall 232. However, the rein- 
forcement 130 does not have constant-thickness por- 
tions between the partition wall 122 and decreasing- 
thickness portions 134. That is, the decreasing-thick- 
ness portion 134 are formed so as to extend from the 

50 partition wall 132. The partition wall 132 and the de- 
creasing-thickness portions 134 cooperate to define 
therebetween fillets having a suitable radius R of curva- 
ture. 

[0092] A reinforcement 140 according to a tenth em- 
55 bodiment of the invention is shown in Fig. 33. This rein- 
forcement 140 includes a thick-walled portion in theform 
of a partition wall 142, constant-thickness portions 144 
adjacent to the partition wall 142, and decreasing-thick- 
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ness portions 146 adjacent to the constant-thickness 
portions 144. The partition wall 142 has opposite part- 
spherical surfaces each of which has a curvature having 
a center lying on the centerline O of the reinforcement 
140. These part-spherical surfaces are smoothly con- 
tiguous with the inner surfaces of the constant-thickness 
portions 144. 

[0093] A reinforcement 150 according to an eleventh 
embodiment of the invention is shown in Fig. 14. This 
reinforcement 150 includes a thick-walled portion in the 
form of a partition wall 152, and decreasing-thickness 
portions 154. The partition wall 152 cooperates with the 
inner surface of each decreasing-thickness portions 154 
to define a curvature corresponding to the stress distri- 
bution of Fig. 10, so that the wall thickness of the de- 
creasing-thickness portion non-linearly decreases in the 
axial direction from the partition wall 152 toward the cor- 
responding end of the reinforcement 150, whereby the 
bending strength of the impact beam including this re- 
inforcement 150 changes so as to follow the stress dis- 
tribution of Fig. 10 as much as possible. 
[0094] While the various reinforcements for the im- 
pact beams for side doors of motor vehicle have been 
described, there will be described various reinforce- 
ments for other tubular structural members for the vehi- 
cles, such as center pillars, side waists, side sills, front 
pillars, front cross members, front side members and 
bumper reinforcing beams. 

[0095] Referring to Fig. 35, there is schematically il- 
lustrated a structural arrangement of a motor vehicle 
190, including center pillars 192, side door waists 194, 
side sills 196, and front pillars 198. The center pillars 
192 extend in the vertical direction, on the opposite lat- 
eral sides and at a longitudinally middle portion of the 
vehicle 190. The side door waists 194 are provided on 
respective side doors so as to extend substantially hor- 
izontally, at a vertically middle portion of each side door. 
The side sills 196 extend in the horizontal direction from 
the lower ends of the center pillars 192, and the front 
pillars 198 are disposed at the laterally opposite ends of 
the front window of the vehicle 190. 
[0096] Fig. 36(a) is a longitudinal cross sectional view 
of the right-hand side center pillar 1 92 of the vehicle 190, 
while Fig. 36(b) is a cross sectional view taken along 
line A-A of Fig. 36(a). The center pillar 1 92, which is con- 
structed according to a twelfth embodiment of this in- 
vention, is a hollow structural member which extends 
substantially vertically between a front side door 210 
and a rear side door 212 and which has a substantially 
trapezoid shape in transverse cross section as shown 
in Fig. 36(b). The center pillar 192 includes a main panel 
192a, and a reinforcing panel 192b which is fixed to the 
main panel 192a by welding, for example. The main 
panel 192a is a structural member which is formed in- 
tegrally with the side sill 196 and which has a substan- 
tially U shape in transverse cross section and therefore 
has a U-shaped opening open in the laterally inward di- 
rection of the vehicle. The reinforcing panel 192b closes 



the U-shaped opening of the main panel 192a, and car- 
ries a belt anchor attached thereto. 
[0097] The center pillar 192 further includes a rein- 
forcement 208 disposed within a generally rectangular 
5 space defined by the panels 192a, 192b. The reinforce- 
ment 208 includes a pair of thick-walled portions 204 
which extend inwardly to a position close to the center 
of the rectangular space. The reinforcement 208 is po- 
sitioned relative to the panels 192a, 192b such that the 
10 two thick-walled portions 204 are located at respective 
heights H1 and H2 from a ground surface 202. The re- 
inforcement further includes a pair of decreasing-thick- 
ness portions 206 as opposite upper and lower end por- 
tions thereof, and a decreasing-thickness portion 207 
is as an intermediate portion thereof between the thick- 
walled portions 204. Each decreasing-thickness portion 
206 has a tapered inner surface so that the wall thick- 
ness linearly decreases in the upward or downward di- 
rection from the corresponding thick-walled portion 204 
20 toward the upper or lower end of the reinforcement 208, 
at which the wall thickness is substantially zero. The de- 
creasing-thickness portion 207 has an arcuate shape in 
longitudinal cross section so that the wall thickness is 
minimum at the longitudinally central part of the portion 
25 207 and continuously decreases in the opposite longi- 
tudinal directions from the thick-walled portions 204 to- 
ward the central part of the portion 207. The height H1 
is substantially the same as the height of the bumper of 
a small-sized vehicle, and the height H2 is substantially 
30 the same as the height of the bumper of a large-sized 
vehicle. The transverse cross sectional shape of the re- 
inforcement 208 at its outer surface is substantially the 
same as the generally trapezoid shape of the inner sur- 
face of the hollow structure consisting of the panels 
35 192a, 192b. The reinforcement 208, is disposed within 
the hollow structure 192a, 192b such that the outer sur- 
face of the reinforcement 208 is in substantially close 
contact with the outer surface of the hollow structure 
1 92a, 1 92b. The reinforcement 208 is formed of a metal 
40 having a relatively low specific gravity and a relatively 
high tensile strength, for instance, an aluminum alloy 
A5056, JIS. The reinforcement 208 may be fabricated 
in a process similar to that which has been described 
above by reference to Fig. 14. The reinforcement 208 is 
45 fixedly disposed within the U-shaped opening of the 
main panel 192a, and the reinforcing panel 192b is weld- 
ed to the main panel 192a and the reinforcement 208. 
[0098] With the center pillar 1 92 provided with the re- 
inforcement 208, the thick-walled portion 204 located at 
50 the height H1 which is substantially the same as the 
height of a small-sized vehicle is effective to absorb an 
impact load upon collision of the center pillar 192 with 
the bumper of the small-sized vehicle, while the thick- 
walled portion 204 located at the height H2 which is sub- 
55 stantially the same as the height of the bumper of a 
large-sized vehicle is effective to absorb an impact load 
upon collision of the center pillar 192 with the bumper 
of the large-sized vehicle. Thus, the center pillar 192 has 
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a sufficient high buckling resistance. Further, the provi- 
sion of the upper and lower decreasing-thickness por- 
tions 206 is effective to prevent stress concentration 
around the ends of the reinforcement 208, permitting the 
center pillar 192 to be protected from breakage or frac- , 5 
ture near the load application points, while minimizing 
amounts of increase in the weight and cost of the center 
pillar 192 due to the use of the reinforcement 208. An 
impact load test on the center pillar 192 shows an ap- 
proximately two-fold increase of the maximum load of 10 
the center pillar 1 92 as compared with that of a conven- 
tional center pillar, and a two- to three-fold increase of 
the energy absorption amount of the center pillar 192 as 
compared with that of the conventional center pillar. 
[0099] Fig. 37(a) is a perspective view of the side door 15 
waist 194, showing a transverse cross sectional shape 
of the side door waist 194 taken in a plane perpendicular 
to the longitudinal direction of the side door waist 194. 
Figs. 37(b) and 37(c) are cross sectional views of the 
side door waists 194 taken along lines Bb-Bb and Be- 20 
Be of Fig. 37(a). The side door waist 194, which is con- 
structed according to a thirteenth embodiment of this in- 
vention, includes a straight main panel 194a, and a re- 
inforcing panel 194b which has a slightly larger thick- 
ness than the main panel 194a and which is bent so as 25 
to cooperate with the main panel 1 94a to define a hollow 
structure having a generally trapezoid shape in trans- 
verse cross section. The reinforcing panel 194b is se- 
cured at its widthwise ends to the main panel 194a. The 
side door waist 1 94 is disposed on the vehicle such that 30 
the reinforcing panel 194b is located on the laterally out- 
er side of the vehicle. The side door waist 194 further 
includes a reinforcement 220 fixedly disposed in a lon- 
gitudinally central portion thereof. The reinforcement 
220 is a hollow structure whose outer surface has a sub- 35 
stantially trapezoid shape in transverse cross section, 
which is substantially the same as the transverse cross 
sectional shape of the inner surface of the hollow struc- 
ture consisting of the panels 194a, 194b. The reinforce- 
ment 220 is forced into the hollow structure 194a, 194b 40 
through one of its opposite open ends, and is held in 
position such that the outer surface of the reinforcement 
220 is in substantially close contact with the inner sur- 
face of the hollow structure 194a, 194b. 
[01 00] The reinforcement 220 includes a thick-walled 45 
portion 216 as a longitudinally central portion thereof, 
which extends inwardly of the reinforcement 220. The 
reinforcement 220 further includes decreasing-thick- 
ness portions 218 formed on the opposite sides of the 
thick-walled portion 216. The decreasing-thickness por- 50 
tions 218 have inner surfaces formed such that the wall 
thickness of each portion 218 linearly decreases in the 
longitudinal direction from the thick-Walled portion 216 
toward the corresponding end of the reinforcement 220, 
at which the wall thickness is substantially zero. As in- 55 
dicated in Fig. 37(b), the amount of inward extension of 
the thick-walled portion 216 is larger on the laterally out- 
er side of the vehicle 190, namely, at the upper portion 



of the reinforcement 220 as seen in Fig. 37(b), than on 
the laterally inner side of the vehicle 1 90, namely at the 
lower portion of the reinforcement 220 as seen in Fig. 
37(b). This reinforcement 220 is also formed of a metal 
having a relatively low specific gravity and a relatively 
high tensile strength, for instance, an aluminum alloy 
A5056, JIS. The length of the reinforcement 220 is suit- 
ably determined depending upon the specifications of 
the vehicle. The thick-walled portion 216 may be a solid 
partition wall which completely separates the interior 
space of the reinforcement 220 into two sections. 
[0101] The thick-walled portion 216 is effective to in- 
crease the buckling resistance of the side door waist 
1 94, while the decreasing-thickness portions 218 are ef- 
fective to prevent stress concentration near the ends of 
the reinforcement 220, so that the breakage or fracture 
strength of the side door waist 194 upon load application 
to its central portion is remarkably increased, while the 
amounts of increase in the weight and cost of the side 
door waist 194 due to the provision of the reinforcement 
220 are minimized. An impact load test on the side door 
waist 194 shows an approximately two-fold increase of 
the maximum load of the center pillar 192 as compared 
with that of a conventional side door waist, and a two- 
to three-fold increase of the energy absorption amount 
of the side door waist 194 as compared with that of the 
conventional side door waist. 

[0102] Fig. 38(a) is a longitudinal cross sectional view 
of the side sill 196 taken in a plane including the center- 
line O of the side sill 196, while Fig. 38(b) is a cross 
sectional view of the side sill 196 taken along line C-C 
of Fig. 38(a). The side sill 196, which is constructed ac- 
cording to a fourteenth embodiment of this invention, in- 
cludes a main panel 196a and a reinforcing panel 196b 
which are welded or otherwise fixed together so as to 
constitute a generally tubular structure. The main panel 
1 96a is formed integrally with the center pillar 192 (main 
panel 192a) and has a generally semi-circular trans- 
verse cross sectional shape. The reinforcing panel 196b 
also has a generally semi-circular transverse cross sec- 
tional shape. To the laterally outer side of the side sill 
196, there is fixed a rocker panel 230 by spot welding, 
for example. 

[0103] The side sill 196 further includes a reinforce- 
ment 228 fixedly disposed within a portion thereof which 
intersects the center pillar 192 and to which a floor cross 
member is welded. The reinforcement 228 is a tubular 
structure having a generally circular transverse cross 
sectional shape which is substantially the same as the 
transverse cross sectional shape of the inner surface of 
the generally tubular structure 194a, 194b. The rein- 
forcement 228 is disposed such that the outer surface 
of the reinforcement 228 is in substantially close contact 
with the inner surface of the tubular structure 194a, 
194b. The reinforcement 228 includes a thick-walled 
portion 224 as a longitudinally central portion thereof, 
which extends inwardly of the reinforcement 228 and 
which has a centerthrough-hole. The reinforcement 228 



15 



20 



18 



35 



EP 0 882 640 B1 



36 



further includes decreasing-thickness portions 226 
formed on the opposite sides of the thick-walled portion 
224. The decreasing-thickness portions 226 have inner 
surfaces formed such that the wall thickness of each 
portion 226 linearly decreases in the longitudinal direc- 
tion from the thick-walled portion 224 toward the corre- 
sponding end of the reinforcement 228, at which the wall 
thickness is substantially zero. This reinforcement 220 
is formed of a light metal having a relatively low specific 
gravity and a relatively high rigidity. The thick-walled 
portion 224 may be a solid partition wall which complete- 
ly separates the interior space of the reinforcement 228 
into two sections. The position at which the reinforce- 
ment 228 is disposed in the hollow structure 196a, 196b 
may be suitably selected. 

[0104] The thick-walled portion 224 is effective to in- 
crease the buckling resistance of the side sill 196, while 
the decreasing-thickness portions 226 are effective to 
prevent stress concentration near the ends of the rein- 
forcement 228, so that the side sill 196 is capable of 
effectively absorbing an impact energy upon collision of 
the side sill 196, and is effectively protected against 
breakage or excessive deformation near the point of ap- 
plication of an impact load, while the amounts of in- 
crease in the weight and cost of the side sill 1 96 due to 
the provision of the reinforcement 228 are minimized. 
The weight of the side sill 196 can be reduced by 
20-30% of the weight of a conventional side sill which is 
locally reinforced by a double-panel structure. 
[0105] Fig. 39(a) is a perspective view showing a 
structural arrangement of the vehicle 190 including one 
of the right and left front pillars 198, while Figs. 39(b) 
and 39(c) are cross sectional views taken along line Db- 
Db and line Dc-Dc of Fig. 39(a). Each front pillar 198 
includes a first panel 198a and a second panel 198b 
which are welded or otherwise fixed together so as to 
constitute a hollow structure having a rectangular trans- 
verse cross sectional shape, as shown in Fig. 39(c). The 
first panel 198a is U-shaped in transverse cross section 
and is located on the laterally outer side of the vehicle 
190, while the second panel 198b is a straight panel lo- 
cated on the laterally inner side of the vehicle 190. The 
front pillar 198 is bent at a relatively low position such 
that the lower portion extends substantially vertically. 
The front pillar 198 shown is connected at its bent por- 
tion to the bent portion of the other front pillar (not 
shown) by an instrument panel reinforcing beam 240. 
[0106] The front pillar 198 includes a reinforcement 
238 disposed within the bent portion. The reinforcement 
238 is a hollow structure whose outer surface has a gen- 
erally rectangular transverse cross sectional shape 
which is substantially the same as the transverse cross 
sectional shape of the inner surface of the hollow struc- 
ture 198a, 198b. The reinforcement 238 is disposed in 
the hollow structure 198a 198b such that the outer sur- 
face of the reinforcement 238 is in substantially close 
contact with the inner surface of the hollow structure 
198a, 198b. The reinforcement 238 includes a thick- 



walled portion in the form of a partition wall 234 formed 
at a longitudinal central portion thereof, and a pair of 
decreasing-thickness portions 236 formed on the oppo- 
site sides of the partition wall 234. Each decreasing- 
5 thickness portion 236 has an inner surface which is 
formed such that the wall thickness of the portion 236 
linearly decreases in the longitudinal direction from the 
partition wall 234 toward the corresponding end of the 
reinforcement 238, at which the wall thickness is sub- 
to stantially zero. The reinforcement 238 is formed of a 
light metal alloy having a relatively low specific gravity 
and a relatively high rigidity, for example, an aluminum 
alloy A5056, J IS. 

[0107] The bent portion of each of the right and left 

*5 front pillar 198 is subjected to an impact load transferred 
through the instrument panel reinforcing beam 240 upon 
collision of either one of the front pillars. In this event, 
however, the reinforcement 238 disposed in the bent 
portion of the front pillar 198 is effective to prevent the 

20 breakage of the front pillar 198. In particular, the thick- 
walled portion in the form of the partition wall 234 gives 
the bent portion of the front pillar 1 98 an increased buck- 
ling resistance, while the decreasing-thickness portions 
234 is effective to prevent stress concentration near the 

25 ends of the reinforcement 238, so that the front pillar 
1 98 is capable of effectively absorbing an impact energy 
upon collision of the front pillar 198, and is effectively 
protected against breakage or excessive deformation 
near the point of application of an impact load, while the 

30 amounts of increase in the weight and cost of the front 
pillar 198 due to the provision of the reinforcement 238 
are minimized. The weight of the front pillar 198 can be 
reduced by 20-30% of the weight of a conventional front 
pillar of a double-panel or thick-panel structure. 

35 [0108] Fig. 40(a) is a view of a structural arrangement 
at a front part of the vehicle 190, and Fig. 40(b) is a cross 
sectional view taken along line Eb-Eb of Fig. 40(a), while 
Figs. 40(c) and 40(d) are cross sectional views taken 
along line Ec-Ec and line Ed-Ed of Fig. 40(b). The struc- 

40 tural arrangement includes a pair of front side members 
244 which are disposed in parallel with each other so as 
to extend in the longitudinal or running direction of the 
vehicle 1 90. These two front side members 244 are con- 
nected at their front ends to each other by a tubularfront 

45 cross member 248 which extends in the lateral direction 
of the vehicle 190, in front of a front upper side frame 
246 which also extends in the lateral direction. Upon col- 
lision of the vehicle 190 at its front end and at a lateral 
position which is offset or spaced from the lateral center 

50 point in the right or left direction, an impact load is dis- 
tributed through the front cross member 248 to the right 
and left front side members 244. The front side mem- 
bers 244 are connected to each other to each other, also 
at their middle portions, by a plate-like suspension mem- 

55 ber 250 extending in the lateral direction of the vehicle 
190. 

[01 09] The front cross member 248 includes an inter- 
mediate reinforcement 252 disposed at a longitudinally 
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central portion thereof, and a pair of end reinforcements 
254 disposed at opposite end portions thereof. The 
center reinforcement 252 is a hollow member whose 
outer surface has a generally rectangular transverse 
cross sectional shape which is substantially the same s 
as the cross sectional shape of the inner surface of the 
front cross member 248. The center reinforcement 252 
is disposed in the front cross member 248 such that the 
outer surface of the reinforcement 252 is in substantially 
close contact with the inner surface of the front cross 10 
member 248. The center reinforcement 252 includes a 
thick-walled portion in the form of a partition wall 256, 
and a pair of decreasing-thickness portions 258 each of 
which has an inner surface formed such that the wall 
thickness linearly decreases in the longitudinal direction f 5 
from the partition wall 256 toward the corresponding end 
of the reinforcement 252, at which the wall thickness is 
substantially zero. The center reinforcement 252 is 
formed of a light metal having a relatively low specific 
gravity and a relatively high rigidity, for example, an alu- 20 
minum alloy A5056, JIS. 

[01 10] On the other hand, each of the end reinforce- 
ment 254 is a hollow member whose outer surface has 
a generally rectangular transverse cross sectional 
shape which is substantially the same as the transverse 25 
cross sectional shape of the inner surface of the front 
cross member 248. The end reinforcement 254 includes 
a bottom portion 260 which closes one open end of the 
above-indicated hollow member and which is located at 
the corresponding end of the front cross member 248. so 
The end reinforcement 254 further includes a decreas- 
ing-thickness portion 262 having an inner surface 
formed such that the wall thickness linearly decreases 
in the longitudinal direction of the front cross member 
248, from the bottom portion 260 toward the open end 35 
of the end reinforcement 254, at which the wall thickness 
is substantially zero. The end reinforcement 254 is also 
formed of a light metal having a relatively low specific 
gravity and a relatively high rigidity, for example, an alu- 
minum alloy A5056, JIS. The front cross member 248 is 40 
fixed to the front side members 244, at its end portions 
in which the end reinforcements 254 are disposed. 
[0111] The thick-walled portion in the form of the par- 
tition wall 256 gives the center reinforcement 252 an in- 
creased buckling resistance, while the decreasing- 45 
thickness portions 258 are effective to prevent stress 
concentration near the ends of the reinforcement 256, 
so that the front cross member 248 is capable of effec- 
tively absorbing an impact energy upon collision of the 
front cross member 248, and is effectively protected 50 
against-breakage or excessive deformation near at its 
longitudinal central portion, while the amounts Of in- 
crease in the weight and cost of the front cross member 
248 due to the provision of the center reinforcement 252 
are minimized. The end reinforcements 254 are effec- 55 
tive to increase the buckling resistance and prevent 
stress concentration near the open ends of the end re- 
inforcements 254, so as to prevent the breakage or ex- 



cessive deformation of the front cross member 248 at 
its end portions and consequent reduction in its impact 
energy absorbing capability, while the amounts of in- 
crease in the weight and cost of the front cross member 
248 due to the provision of the end reinforcements 254 
are minimized. The weights of the front cross member 
248 provided with the center and end reinforcements 
252, 254 can be reduced by 20-30% of the weight of a 
conventional front cross member 248 of a double-panel 
or thick-panel structure. 

[01 12] Fig. 41(a) is a view of the front side member 
244 partly in longitudinal cross section, and Fig. 41(b) 
is an enlarged view of the front side member 244, while 
Figs. 41(c) and 41(d) are cross sectional views taken 
along line Fc-Fc and Fd-Fd of Fig. 40(b). The front side 
member 244 has a rectangular transverse cross sec- 
tional shape as shown in Figs. 40(c) and 40(d), having 
an upper wall to which the plate-like suspension mem- 
ber 250 is fastened by bolts 270. The front side member 
244 (each of the right and left front side members 244) 
has a bumper stay 268 bolted or otherwise fixed to its 
front end, at the corresponding-end of the front cross 
member 248, such that the bumper stay 268 extends 
frontward so as to support a bumper 266. 
[01 13] The front side member 244 includes an inter- 
mediate reinforcement 272 disposed in a portion thereof 
to which the suspension member 250 is fixed, and an 
end reinforcement 274 disposed in the front end portion. 
The reinforcement 272 is a hollow member whose outer 
surface has a generally rectangular transverse cross 
sectional shape which is substantially the same as the 
transverse cross sectional shape of the inner surface of 
the front side member 244. The reinforcement 272 is 
disposed in the front side member 244 such that the out- 
er surface of the reinforcement 272 is in substantially 
close contact with the inner surface of the front side 
member 244. The reinforcement 272 includes a thick- 
walled portion in the form of a partition wall 276 located 
a small distance in front of the suspension member 250, 
and two decreasing-thickness portions 278 on the op- 
posite sides of the partition wall 276. Each of the de- 
creasing-thickness portions 278 has an inner surface 
formed such that the wall thickness linearly decreases 
in the longitudinal direction of the front side member 
244, from the partition wall 276 toward the correspond- 
ing end of the reinforcement 272. The two reinforce- 
ments 278 are asymmetric with respect to the partition 
wall 276. Namely, the front decreasing-thickness portion 
278 has a smaller length than the rear decreasing-thick- 
ness portion 278. The reinforcement 272 is formed of a 
light alloy having a relatively low specific gravity and a 
relatively high rigidity, for example, an aluminum alloy 
A5056, JIS. 

[0114] The end reinforcement 274 is a hollow struc- 
ture whose outer surface has a generally rectangular 
transverse cross sectional shape which is substantially 
the same as the transverse cross sectional shape of the 
inner surface of the front side member 244. The end re- 
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inforcement 274 is disposed in the front side member 
244 such that the outer surface of the end reinforcement 
274 is in substantially close contact with the inner sur- 
face of the front side member 244. The end reinforce- 
ment 274 includes a bottom portion 280 which closes 5 
one of opposite ends of the above-indicated hollow 
structure and is located at the front end of the front side 
member 244. The end reinforcement 274 further in- 
cludes a decreasing-thickness portion 282 whose inner 
surface is formed such that the wall thickness linearly 
decreases in the longitudinal direction of the front side 
member 244, from the bottom portion 280 toward the 
open end of the end reinforcement 274, at which the wall 
thickness is substantially zero. The end reinforcement 
274 is also formed of a light alloy having a relatively low 
specific gravity and a relatively high rigidity, for example, 
an aluminum alloy A5056, JIS. 

[0115] Conventional front side members are relatively 
likely to suffer from stress concentration at their portions 
right in front of their portions connected to the suspen- 
sion member 250 and consequent bending deformation 
at those stress-concentrated portions, upon collision of 
the front side members in a direction at some angle with 
respect to the longitudinal direction of the vehicle 190, 
or upon collision of the bumper 266 at a position which 
is spaced some distance from the longitudinal center 
point of the bumper 266. However, the present front side 
member 244 provided with the reinforcement 272 dis- 
posed in its portion to which the suspension member 
250 is fixed is protected against the bending deforma- 
tion in the event of the collision indicated above. In par- 
ticular, the thick-walled portion in the form of the partition 
wall 276 is effective to give the reinforcement 272 an 
increased buckling resistance, while the decreasing- 
thickness portions 276 is effective to prevent stress con- 
centration near the ends of the reinforcement 272, so 
that the front side member 244 is protected against the 
bending deformation at its portion right in front of the 
portion connected to the suspension member 250, while 
the amounts of increase of the weight and cost of the 
front side member 244 due to the provision of the rein- 
forcement 272 are minimized. Further, the end rein- 
forcement 274 is also effective to increase the buckling 
resistance and prevent the stress concentration near 
the ends of the reinforcement 274, so that the front side 
member 244 is protected against breakage or bending 
deformation at its front end portion, while the amounts 
of increase in the weight and cost due to the provision 
of the end reinforcement 274 are minimized. The end 
reinforcement 274 cooperates with the reinforcement 
272 to assure increased stability of impact energy ab- 
sorption. The weight of the front side member 244 pro- 
vided with the reinforcements 272, 274 can be reduced 
by about 20-30% of the weight of the conventional front 
side member of a double-panel or thick-panel structure. 
[01 1 6] Fig. 42(a) is a transverse cross sectional view 
of the bumper 266 taken in a plane perpendicular to the 
longitudinal direction of the bumper 266, while Fig. 42 



(b) is a longitudinal cross sectional view of a bumper 
reinforcing beam 286 taken in a plane including the cen- 
terline O of the beam 286. The bumper 266 includes the 
bumper reinforcing beam 382 of a hollow structure ex- 
tending in the lateral direction of the vehicle 190, and a 
buffer 288 formed of urethane foam, for example, which 
is disposed in front of the beam 382. The bumper rein- 
forcing beam 286 includes a pair of U-shaped panels 
286a, 286b which are butted and bolted together so as 
to form a hollow structure having a generally rectangular 
transverse cross sectional shape. The beam 286 further 
includes three reinforcements 292 disposed within the 
hollow structure 286a, 286b. The pair of bumper stays 
268 are bolted to the longitudinal opposite end portions 
of the bumper 266, so as to extend in the backward di- 
rection of the vehicle 190. 

[0117] Each reinforcement 292 is a hollow structure 
whose inner surface has a generally rectangular trans- 
verse cross sectional shape which is substantially the 
same as the transverse cross sectional shape of the in- 
ner surface of the hollow structure 286a, 286b. The re- 
inforcement 292 is disposed in the hollow structure 
286a, 286b such that the outer surface of the reinforce- 
ment 292 is in substantially close contact with the inner 
surface of the hollow structure 286a, 286b. The rein- 
forcement 292 has a thick-walled portion in the form of 
a partition wall 294 as a longitudinally central portion 
thereof, and two decreasing-thickness portions 296 on 
the opposite sides of the partition wall 294. Each de- 
creasing-thickness portion 296 has an inner surface 
which is formed such that the wall thickness linearly de- 
creases in the longitudinal direction from the partition 
wall 294 toward the corresponding end of the reinforce- 
ment 292, at which the wall thickness is substantially 
zero. The reinforcement 292 is formed of a light alloy 
having a relatively low specific gravity and a relatively 
high rigidity, for example, an aluminum alloy A5056, JIS. 
One of the three reinforcements 292 is located at a lon- 
gitudinally central portion of the bumper reinforcing 
beam 286, and the other two reinforcements 292 are 
located at the opposite end portions of the beam 286 to 
which the bumper stays 278 are fixed. The central rein- 
forcement 292 has a length slightly larger than those of 
the end reinforcements 292. 

[0118] The thick-walled portion in the form of the par- 
tition wall 294 is effective to give the reinforcement 292 
an increased buckling resistance, -while the decreas- 
ing-thickness portions 296 are effective to prevent 
stress concentration around the opposite ends of the re- 
inforcement 292, so that the beam 268 is capable of ef- 
fectively absorbing an impact energy and is protected 
against excessive deformation or breakage, while the 
amounts of increase in the weight and cost of the beam 
286 due to the provision of the reinforcement 292 are 
minimized. The weight of the beam 286 including the 
reinforcements 292 can be reduced by 30% or more of 
the weight of a conventional bumper reinforcing beam 
286 of a double-panel or thick-panel structure. 
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[0119] For instance, the structural members accord- 
ing to the embodiments of Figs. 35-42 may employ a 
reinforcement or reinforcements as described above 
with respect to the impact beams for vehicle side doors, 
by reference to Figs. 1-34. Further, the dimensions and 
materials of the structural members and the reinforce- 
ments may be suitably changed as needed. 



Claims 

1. A reinforcement (16, 40, 60,80, 110, 120, 130, 140, 
150, 162, 208, 220, 228, 238, 252, 272, 292, 294) 
fixedly disposed in a hollow structural member (10, 
160, 192, 194, 196, 198, 244, 248, 286) including a 
hollow body portion (12, 192a, 192b, 194a, 194b, 
196a, 196b, 198a, 198b, 224, 248, 286a, 286b) fix- 
edly disposed on a motor vehicle (190), said rein- 
forcement has a hollow structure which has an outer 
surface and which is fixedly disposed within said 
hollow body portion such that said outer surface of 
said hollow structure is in substantially close con- 
tact with an inner surface of said hollow body por- 
tion, characterized in that 
said reinforcement comprises: 

a longitudinally central portion (18, 42, 62, 82, 
96, 102, 164, 112, 122, 132, 142, 152, 204,216, 
234, 256, 276, 294) having highest bending ri- 
gidity; and 

longitudinally extensive opposite end portions 
(20, 44, 66, 98. 104, 166, 114, 124, 134, 146, 
154, 206, 218, 236, 258, 278, 296) each having 
bending rigidity which continuously decreases 
in a longitudinal direction from said longitudi- 
nally central portion toward a longitudinal end 
of a corresponding one of said longitudinally ex- 
tensive opposite end portions, such that the 
bending rigidity at said longitudinal end is sub- 
stantially zero, so that the bending rigidity ap- 
proximately is a function of the progression of 
the stress distribution in said hollow structural 
member(10, 160, 192, 194, 196, 198,244, 248, 
286) without a reinforcement in longitudinal di- 
rection if it is impacted centrally with a lateral 
force. 

2. A reinforcement according to claim 1 comprising: 



of said two decreasing-thickness portions hav- 
ing an inner surface which is formed such that 
a wall thickness of said each decreasing-thick- 
ness portion continuously decreases in a longi- 
5 tudinal direction from said thick-walled portion 

toward a longitudinal end of a corresponding 
one of said longitudinally extensive opposite 
end portions and such that said wall thickness 
, at said longitudinal end is substantially zero. 

10 

3. A hollow structural member (10, 160, 192, 194, 196, 
198, 244, 248, 286) comprising a hollow body por- 
tion (12, 192a, 192b. 194a, 194b, 196a, 196b, 198a, 
198b, 224, 248, 286a, 286b) fixedly disposed on a 

15 motor vehicle (190), said hollow structural member 
further comprising 

a reinforcement according to claim 2. 

4. A hollow structural member according to claim 3, 
20 wherein said thick-walled portion consists of at least 

one solid partition wall (1 8, 42, 62, 90, 96, 1 02, 112, 
132, 142, 152, 234, 256, 276, 294) each of which 
separates a space within said hollow structure of 
said reinforcement into two longitudinal sections. 

25 

5. A hollow structural member according to claim 3, 
wherein said hollow body portion has a generally 
tubular structure (12). and wherein said reinforce- 
ment has a generally tubular structure (16. 40, 60, 

30 80, 110, 130, 140) having an outer surface in sub- 
stantially close contact with an inner surface of said 
generally tubular structure of said hollow body por- 
tion, and wherein said thick-walled portion consists 
of at least one solid partition wall (18, 42, 62, 90, 

35 96, 102, 112. 132, 142) each of which separates a 
space within said generally tubular structure of said 
reinforcement into two longitudinal sections, and 
said each decreasing-thickness portion has an in- 
side diameter which increases in said longitudinal 

40 direction from said thick-walled portion toward said 
longitudinal end, so that said wall thickness of said 
each decreasing-thickness portion linearly de- 
creases in said longitudinal direction. 

■*5 6. A hollow structural member according to any one of 
claims 3-5, wherein said thick-walled portion (42, 
90, 96, 102, 112, 122, 152) has a wall thickness 
which non-linearly changes according to a stress 
distribution on said hollow body portion (12) when 
said hollow body portion is subject to an impact load 
upon collision of said motor vehicle. 

7. A hollow structural member according to claim 5, 
wherein said each solid partition wall (42, 96, 102) 
has opposite part-spherical surfaces each of which 
has a curvature having a center lying on a centerline 
(O) of said generally tubular structure of said each 
reinforcement (40, 80, 110, 120, 150), said each 



a thick-walled portion (18, 42, 62, 82, 96, 102, 50 
164, 112, 122, 132, 142, 152, 204, 216, 234, 
256, 276, 294) as a longitudinal central portion 
thereof; and 

two decreasing-thickness portions (20, 44, 66, 
98, 104, 166, 114, 124, 134, 146, 154, 206,218. 55 
236, 258, 278, 296) as longitudinally extensive 
opposite end portions thereof disposed on op- 
posite sides of said thick-walled portion, each 
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part-spherical surface being smoothly contiguous 
with the inner surfaces of said two decreasing-thick- 
ness portions (44, 98, 104). 

8. A hollow structural member according to claim 4 or 
5, wherein said reinforcement further includes two 
constant-thickness portions (22, 64, 144) formed 
between said solid partition wall (18, 62, 142) and 
said two decreasing-thickness portions (20, 66, 
146), each of said constant-thickness portion hav- 
ing a constant wall thickness and cooperating with 
said solid partition wall to define therebetween a fil- 
let having a predetermined radius of curvature (R). 

9. A hollow structural member according to any one of 
claims 3-8, wherein said reinforcement (162) is 
formed as an integral part of said hollow body por- 
tion (160). 

10. A hollow structural member according to any one of 
claims 3-9, wherein said reinforcement (16, 252, 
272) is disposed as an intermediate reinforcement 
in a longitudinally intermediate portion of said hol- 
low body portion, said hollow structural member fur- 
ther comprising: 

an end reinforcement (34, 254, 274) having a 
hollow structure having an outer surface, and 
disposed in at least one of longitudinally oppo- 
site end portions of said hollow body portion 
(12, 244, 248), such that said outer surface of 
said hollow structure is in substantially close 
contact with an inner surface of said hollow 
body portion, said end reinforcement including 
a decreasing-thickness portion (38, 262, 282) 
as one of longitudinally extensive opposite end 
portions thereof which is on the side of said lon- 
gitudinally intermediate portion of said hollow 
body portion, said decreasing-thickness por- 
tion-having an inner surface which is formed 
such that a wall thickness of said decreasing- 
thickness portion continuously decreases in a 
longitudinal direction from the other of said lon- 
gitudinally extensive opposite end portions to- 
ward said one of said longitudinally extensive 
opposite end portions and such that said wall 
thickness of said end reinforcement is substan- 
tially zero at a longitudinal end of said one of 
said longitudinally extensive opposite end por- 
tions of said decreasing-thickness portion. 

1 1 . A hollow structural member according to any one of 
claims 3-10, which is an impact beam (10, 160) fix- 
edly disposed in a side door of said vehicle, so as 
to extend in a running direction of said vehicle. 

12. A hollow structural member according to any one of 
claims 3-11, which is a member selected from a 



group consisting of a center pillar (1 92), a side door 
waist (194), a side sill (196), a front pillar (198), a 
front cross member (248), a front side member 
(244) and a bumper reinforcing beam (286) of said 
5 motor vehicle (190). 

13. A reinforcement according to claim 2, comprising: 

a first piece (82) constituting a first part (82) of 

w said thick-walled portion (82, 96, 102) and in- 

cluding a first and a second engaging portion 
(92, 94) at longitudinally opposite ends thereof; 
a second piece (84) including one (98) of said 
two decreasing-thickness portions (98, 104) 

15 and constituting a second part (96) of said 

thick-walled portion which is adjacent to said 
one of said two decreasing-thickness portions, 
said second piece including an engaging end 
portion (100) which is remote from said one of 

20 said two decreasing-thickness portions and 

which engages said second engaging portion 
(94) of said first piece; and 
a third piece (86) including the other (102) of 
said two decreasing-thickness portions and 

25 constituting a third part (102) of said thick- 

walled portion which is adjacent to said other 
of said two decreasing-thickness portions, said 
third piece including an engaging end portion 
(106) which is remote from said other of said 

30 two decreasing-thickness portions and which 

engages said first engaging portion (92) of said 
first piece, said first, second and third parts con- 
stituting said thick-walled portion (82, 96, 102). 

35 14. A reinforcement according to claim 2, wherein said 
hollow body portion has a generally tubular struc- 
ture (12), and wherein said reinforcement has a 
generally tubular structure (16, 40, 60, 80, 110, 130, 
140) having an outer surface in substantially close 

40 contact with an inner surface of said generally tu- 
bular structure of said hollow body portion, 
and wherein said thick-walled portion consists of at 
least one solid partition wall (18, 42, 62, 90, 96, 102, 
112, 132, 142) each of which separates a space 

45 within said generally tubular structure of said rein- 
forcement into two longitudinal sections, and said 
each decreasing-thickness portion has an inside di- 
ameter which increases in said longitudinal direc- 
tion from said thick-walled portion toward said lon- 

50 gitudinal end, so that said wall thickness of said 
each decreasing-thickness portion linearly de- 
creases in said longitudinal direction, said each sol- 
id partition wall (42, 96, 102) having opposite part- 
spherical surfaces each of which has a curvature 

55 having a center lying on a centerline (O) of said gen- 
erally tubular structure of said each reinforcement 
(40, 80, 110, 120, 150), said each part-spherical 
surface being smoothly contiguous with said two 
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decreasing-thickness portions (44, 98, 104), said 
reinforcement being manufactured in a process in- 
cluding a forging step of cold-forging a blank (58) 
into a plate (182, 182a) from which said reinforce- 
ment is formed. 5 



Patentanspruche 

1. Verstarkungselement(16,40, 60, 80,110, 120,130, 10 
140, 150, 162, 208, 220, 228, 238, 252, 272, 292, 
294), das ortsfest in einem Hohlstrukturelement 
(10, 160', 192, 194, 196, 198, 244, 248, 286) ange- 
ordnet ist, welches einen ortsfest an einem Kraft- 
fahrzeug angeordneten Hohlkorperabschnitt (12, 15 
192a, 192b, 194a, 94b, 196a, 196b, 198a, 198b, 
224, 248,286a, 286b) aufweist, mit einer Hohlstruk- 
tur, die eine AuBenoberflache umfasst und die orts- 
fest innerhalb des Hohlkorperabschnitts so ange- 
ordnet ist, dass die AuBenoberflache der Hohlstruk- 20 
tur in im wesentlichen enger Anlage mit einer Innen- 
oberflache des Hohlkorperabschnitts steht, ge- 
kennzeichnet durch: 

einen axialen Mittefabschnitt (18, 42, 62, 82, 25 
96, 102, 164, 112, 122, 132, 142, 152, 204,216, 
234, 256, 276; 294) mit hochster Biegesteifig- 
keit; und 

axial ausgedehnte, entgegengesetzte Endab- 
schnitte (20, 44, 66, 98, 104, 166, 114, 124, 30 
134, 146, 154, 206, 218, 236, 258, 278, 296), 
die jeweiis eine Biegesteifigkeit aufweisen, 
weiche vom axialen Mittelabschnitt aus in Axi- 
alrichtung zu einem Axialende eines jeweifigen 
axial ausgedehnten, entgegengesetzten End- 35 
abschnitts hin kontinuierlich in einer Weise ab- 
nimmt, dass die Biegesteifigkeit am Axialende 
im wesentlichen Null ist, so dass die Biegestei- 
figkeit naherungsweise eine Funktion des Ver- 
laufs der Spannungsverteilung in Axialrichtung 40 
in dem Hohlstrukturelement (10, 160, 192, 194, 
196, 198, 244, 248, 286) ohne Verstarkungs- 
element ist, wenn es mittig mit einer Querkraft 
beaufschlagt wird. 

45 

2. Verstarkungselement nach Anspruch 1 mit: 

einem dickwandigen Abschnitt (18, 42, 62 , 82, 
96, 102, 164, 112, 122, 132, 142, 152, 204, 
216, 234, 256, 276, 294) als seinem axialen 50 
Mittelabschnitt; und 

zwei Abschnitten abnehmender Dicke (20, 44, 
66, 98, 104, 166, 114, 124, 134, 146, 154, 206, 
218, 236, 258, 278, 296) als seine an entge- 
gengesetzten Seiten des Abschnitts groSer 55 
Wanddicke angeordneten axial ausgedehnten, 
entgegengesetzten Endabschnitte, wobei 
jeder der beiden Abschnitte abnehmender Dik- 



ke eine Innenoberflache hat, die in einer Weise 
geformt ist, 

dass eine Wanddicke jedes Abschnitts 
abnehmender Dicke vom dickwandigen Abschnitt 
aus in Axialrichtung zu einem Axialende eines je- 
weiligen axial ausgedehnten, entgegengesetzten 
Endabschnitts hin kontinuierlich abnimmt und in ei- 
ner Weise, 

dass die Wanddicke am Axialende im 
wesentlichen Null ist. 

3. Hohlstrukturelement (10, 160, 192, 194, 196, 198, 
244, 248, 286) mit einem Hohlkorperabschnitt (12, 
192a, 192b, 194a, 194b, 196a, 196b, 198a, 198b,' 
224, 248, 286a, 286b), der ortsfest an einem Kraft- 
fahrzeug angeordnet ist, wobei das Hohlstruktur- 
element des Weiteren ein Verstarkungselement 
nach Anspruch 2 aufweist. 

4. Hohlstrukturelement nach Anspruch 3, wobei der 
dickwandige Abschnitt aus zumindest einer festen 
Trennwand (18, 42, 62, 90, 96, 102, 112. 132, 142, 
152, 234, 256, 276, 294) besteht, die jeweiis einen 
Raum innerhalb der Hohlstrukturdes Verstarkungs- 
elements in zwei axiale Bereiche aufteilt. 

5. Hohlstrukturelement nach Anspruch 3, wobei 

der Hohlkorperabschnitt eine im wesentlichen 
rohrenformige Struktur (12) hat, 

das Verstarkungselement eine im wesentli- 
chen rohrenformige Struktur (16, 40, 60, 80, 110, 
13,0, 140) mit einer AuRenoberflache in im wesent- 
lichen enger Anlage mit einer Innenoberflache der 
im wesentlichen rohrenformigen Struktur des Hohl- 
korperabschnitts, und wobei 

der dickwandige Abschnitt aus zumindest ei- 
ner festen Trennwand (18,42, 62, 90, 96, 102, 1121 
132, 142) besteht, die einen Raum innerhalb der im 
wesentlichen rohrenformigen Struktur des Verstar- 
kungselements in zwei axiale Bereiche aufteilt, und 
jeder Abschnitt abnehmender Dicke einen Innen- 
durchmesser aufweist, der vom dickwandigen Ab- 
schnitt aus in der Axialrichtung zum Axialende hin 
ansteigt, so dass die Wanddicke jedes Abschnitts 
abnehmender Dicke linear in Axialrichtung ab- 
nimmt. 

6. Hohlstrukturelement nach einem der Anspruche 3 
bis 5, wobei der dickwandige Abschnitt (42, 90, 96, 
102. 112, 122, 152) eine Wanddicke hat, die sich 
nichtlinear entsprechend einer Spannungsvertei- 
lung am Hohlkorperabschnitt (12) andert, die auf- 
tritt, wenn der Hohlkorperabschnitt infolge einer 
Kollisipn des Kraftfahrzeugs einer Stofilast ausge- 
setzt wird. 

7. Hohlstrukturelement nach Anspruch 5, wobei jede 
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feste Trennwand (42, 96, 102) entgegengesetzte 
Kugelsegmentoberflachen aufweist, die jeweils ei- 
ne Kriimmung mit einem Mittelpunkt auf einer Mit- 
tellinie (0) der im wesentlichen rohrenformigen 
Struktur jedes Verstarkungselements (40, 80, 110, 
120, 150) aufweisen, wobei jede Kugelsegmento- 
berflache ubergangslos an die Innenoberflachen 
der beiden Abschnitte abnehmender Dicke (44, 98, 
104)anschliefit. 

8. Hohlstrukturelement nach Anspruch 4 oder 5, wo- 
bei das Verstarkungselement fernerzwei Abschnit- 
te konstanter Dicke (22, 64, 144) unfasst, die zwi- 
schen derfesten Trennwand (18, 62, 142) und den 
beiden Abschnitten abnehmender Dicke (20, 66, 
146) ausgebiidet sind, und wobei jeder Abschnitt 
konstanter Dicke eine konstante Wanddicke hat 
und im Zusammenwirken mit derfesten Trennwand 
eine Ausrundung mit einem vorgegebenen Radius 
einer Kriimmung (R) eingrenzen. 

9. Hohlstrukturelement nach einem der Anspriiche 3 
bis 8, wobei das Verstarkungselement (162) als in- 
tegraler Bestandteil des Hohlkorperabschnitts 
(160) ausgebiidet ist. 

10. Hohlstrukturelement nach einem der Anspriiche 3 
bis 9, wobei 

das Verstarkungselement (16, 252, 272) als 
ein Zwischenverstarkungselement in einem axialen 
Zwischenabschnitt des Hohlkorperabschnitts an- 
geordnet ist und 

das Hohlstrukturelement aulierdem ein End- 
verstarkungselement (34, 254, 274) aufweist, das 
eine Hohlstruktur mit einer AuBenoberflache hat 
und in zumindest einem der axial entgegengesetz- 
ten Endabschnitte des Hohlkorperabschnitts (12, 
244, 248) in einer Weise angeordnet ist, dass die 
AuBenoberflache der Hohlstruktur in im wesentli- 
chen enger Anlage mit einer Innenoberflache des 
Hohlkorperabschnitts steht, wobei 

das Endverstarkungselement einen Ab- 
schnitt abnehmender Dicke (38, 262, 282) als einen 
seiner axial ausgedehnten, entgegengesetzte End- 
abschnitte umfasst, welcher sich auf Seiten des 
axialen Zwischenabschnitts des Hohlkorperab- 
schnitts befindet, und wobei 

der Abschnitt abnehmender Dicke eine In- 
nenoberflache aufweist, die in einer Weise ausge- 
biidet ist, 

dass eine Wanddicke des Abschnitts 
abnehmender Dicke vom anderen axial ausge- 
dehnten, entgegengesetzten Endabschnitt aus in 
Axialrichtung zu diesem axial ausgedehnten, ent- 
gegengesetzten Endabschnitte hin kontinuierlich 
abnimmt und in einer Weise, 

dass die Wanddicke des Endverstar- 
kungselement an einem Axialende dieses axial 



ausgedehnten, entgegengesetzten Endabschnitts 
des Abschnitts abnehmender Dicke im wesentli- 
chen Null ist. 

5 11. Hohlstrukturelement nach einem der Anspriiche 3 
bis 10, das als ein Aufpralitrager (TO, 160) dient, 
welcher ortsfest in einer Seitentur des Fahrzeugs 
so angeordnet ist, dass er sich in Fahrtrichtung des 
Fahrzeugs erstreckt. 

10 

12. Hohlstrukturelement nach einem der Anspriiche 3 
bis 11, das als ein Element aus folgender Auswahl 
dient: 

is einer Gruppe, die aus einer B-Saule (192), ei- 

ner Seitentiir-Taillierung (194), einem Tur- 
schweller (196). einer A-Saule (198), einem 
vorderen Quertrager (248), einem vorderen 
Langstrager (244) und einem StolJstangenver- 
starkungstrager (286) eines Kraftfahrzeugs 
(190). 



1 3. Verstarkungselement nach Anspruch 2, mit: 

25 einem ersten Stuck (82), das einen ersten Be- 

standteil (82) des dickwandigen Abschnitts (82, 
96, 102) darsteflt und einen ersten und zweiten 
eingriffsabschnitt (92, 94) an seinen axial ent- 
gegengesetzten Enden umfasst; 

30 einem zweiten Stuck (84), das einen (98) der 

beiden Abschnitte abnehmender Dicke (98, 
104) umfasst und einen zweiten Bestandteil 
(96) des dickwandigen Abschnitts bildet, wobei 

35 dieser zweite Bestandteil an den einen 

der beiden Abschnitte abnehmender Dicke an- 
grenzt, und wobei 

das zweite Stuck einen Eingriffsendab- 
schnitt(100) umfasst, der von dem einen der beiden 

40 Abschnitte abnehmender Dicke entfernt liegt und 
der mit dem zweiten Eingriffsabschnitt (94) des er- 
sten Stucks in Eingriff steht; und 

einem dritten Stuck (86), das den anderen 
(102) der beiden Abschnitte abnehmender Dicke 

45 umfasst und einen dritten Bestandteil (102) des 
dickwandigen Abschnitts bildet, 

wobei dieser dritte Bestandteil an den 
anderen der beiden Abschnitte abnehmender Dicke 
angrenzt, und wobei 

50 das dritte Stuck einen Eingriffsendab- 

schnitt (1 06) umfasst, der von dem anderen der bei- 
den Abschnitte abnehmender Dicke entfernt liegt 
und der mit dem ersten Eingriffsabschnitt (94) des 
ersten Stucks in Eingriff steht, 

55 so dass der erste, zweite und dritte Bestand- 

teil den dickwandigen Abschnitt (82, 96,102) bilden. 

14. Verstarkungselement nach Anspruch 2, wobei 
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der Hohlkorperabschnitt eine im wesentlichen 
rohrenformige Struktur (12) aufweist, und 

das Verstarkungselement eine im wesentli- 
chen rohrenformige Struktur (16, 40, 60, 80, 110, 
130, 140) aufweist, die eine Aufienoberflache in im 5 
wesentlichen enger Anlage mit einer Innenoberfla- 
che der im wesentlichen rohrenformiger Struktur 
des Hohlkorperabschnitt besitzt, und wobei 

der dickwandige Abschnitt aus zumindest ei- 
nerfesten Trennwand (18, 42, 62, 90, 96, 102, 112, 10 
132, 142) besteht, diejeweilseinen Raum innerhalb 
der rohrenformigen Struktur des Verstarkungsele- 
ments in zwei axiale Bereiche aufteilt, und 

der Abschnitt abnehmender Dicke einen In- 
nedurchmesser aufweist, der in der Axialrichtung 15 
vom dickwandigen Abschnitt aus zum Axialende hin 
ansteigt, so dass die Wanddicke jedes Abschnitts 
abnehmender Dicke in der Axialrichtung linear ab- 
nimmt, und 

jede teste Trennwand (42, 96, 1 02) entgegen- 20 
gesetzte Kugelsegmentoberflachen aufweist, die 
jeweils eine Kriimmung mit einem Mittelpunkt auf 
einer Mittellinie (0) der im wesentlichen rohrenfor- 
migen Struktur jedes Verstarkungselements (40, 
80, 110, 120, 150) aufweisen, wobei 25 

jede Kugelsegmentoberflache iiber- 
gangslos an die Innenoberflachen der beiden Ab- 
schnitte abnehmender Dicke (44, 98, 104) an- 
schlielSt, und 

das Verstarkungselement in einem Ver- 30 
fahren gefertigt wird, das eine Schmiedeschritt um- 
fasst, in dem ein Rohling (58) zu einem Blech (182, 
182a) kaltgeschmiedet wird, aus dem das Verstar- 
kungselement geformt ist. 



Revendi cations 

1. Renforcement (16, 40, 60, 80, 110, 120, 130, 140, 

150, 162, 208, 220, 228, 238. 252, 272, 292, 294) 40 
dispose de maniere fixe dans un element structure! 
creux (10, 160, 192, 194, 196, 198, 244, 248, 286) 
comprenant une partie de corps creux (12, 192a, 
192b, 194a, 194b, 196a, 196b, 198a, 198b, 224, 
248, 286a, 286b) dispose fixement sur un moteur 45 
de vehicule (190), ledit renforcement, ayant une 
structure creuse qui a une surface exterieure et qui 
est disposee fixement a I'interieur de ladite partie 
de corps creux de facon telle que ladite surface ex- 
terieure de ladite structure creuse sort en contact so 
sensiblement rapproche avec une surface interieu- 
re de ladite partie de corps creux, caracterise en 
ce que ledit renforcement comprend : 

une partie longitudinalement centrale (18, 42, 55 
62, 82, 96, 102, 164, 112, 122, 132, 142, 152. 
204, 216, 234, 256, 276, 294) ayant une rigidite 
en flexion la plus elevee ; et 



des parties d'extremite opposees s'etendant 
longitudinalement (20, 44, 66, 98, 104, 166, 
114, 124, 134, 146, 154, 206, 218, 236, 258, 
278, 296) ayant chacune une rigidite en flexion 
qui decrolt continuellement dans une direction 
longitudinale a partir de ladite partie longitudi- 
nalement centrale vers une extremite longitudi- 
nale d'une desdites parties d'extremite oppo- 
sees s'etendant longitudinalement correspon- 
dantes, de facon telle que la rigidite en flexion 
a ladite extremite longitudinale soit sensible- 
ment zero, de facon telle que la rigidite en 
flexion soit approximativement une fonction de 
la progression de la distribution de contrainte 
dans ledit element structurel creux (10, 160, 
192, 194, 196, 198, 244, 248, 286) sans un ren- 
forcement dans la direction longitudinale s'il re- 
coit un impact au centre d'une force laterale. 

2. Renforcement selon la revendication 1, 
comprenant : 

une partie a paroi epaisse (18, 42, 62, 82, 96, 
102, 164, 112, 122, 132, 142, 152, 204, 216, 
234, 256, 276, 294) comme partie longitudina- 
lement centrale de celui-ci ; et 
deux parties d'epaisseur decroissante (20, 44, 
66, 98, 104, 166, 114, 124, 134, 146, 154, 206, 
218, 236, 258, 278, 296) comme parties d'ex- 
tremite opposdes s'etendant longitudinalement 
de celui-ci disposees sur des cotes opposes de 
ladite partie a paroi epaisse, chacune desdites 
deux parties d'epaisseur decroissante ayant 
une surface interieure qui est formee de facon 
telle qu'une epaisseur de paroi de chacune 
desdites parties d'epaisseur decroissante de- 
croisse continuellement dans une direction lon- 
gitudinale a partir de ladite partie a paroi epais- 
se vers une extremite longitudinale d'une des- 
dites parties d'extremite opposees s'etendant 
longitudinalement correspondante et de facon 
telle que ladite epaisseur de paroi a ladite ex- 
tremity longitudinale soit sensiblement zero. 

3. Element structurel creux (10, 160, 192, 194, 196, 
198, 244, 248, 286) comprenant une partie de corps 
creux (12, 192a, 192b, 194a, 194b, 196a, 196b, 
198a, 198b, 224, 248, 286a, 286b) disposee fixe- 
ment sur un moteur de vehicule (190), ledit element 
structurel creux comprenant en outre un renforce- 
ment selon la revendication 2. 

4. Element structurel creux selon la revendication 3, 
dans lequel ladite partie a paroi epaisse consiste en 
au moins une paroi de separation solide (18, 42, 62, 
90, 96, 102, 112, 132, 142, 152,234, 256,276,294) 
chacune d'entre elles separant un espace a I'inte- 
rieur de ladite structure creuse dudit renforcement 
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en deux sections longitudinales. 

5. Element structure! creux selon ia revendication 3, 
dans lequel ladite partie de corps creux a une struc- 
ture generalement tubulaire (12), et dans lequel le- 
dit renforcement a une structure generalement tu- 
bulaire (16, 40, 60, 80, 110, 120, 130, 140) ayant 
une surface exterieure, en contact sensiblement 
rapproch6 avec une surface interieure de ladite 
structure generalement tubulaire de ladite partie de 
corps creux, et dans lequel ladite partie a paroi 
epaisse consiste en au moins une paroi de separa- 
tion solide (18, 42, 62, 90, 96, 102, 112, 132, 142) 
chacune d'entre elles separant un espace a I'inte- 
rieur de ladite structure creuse dudit renforcement 
en deux sections longitudinales, et chaque dite par- 
tie d'epaisseur decroissante ayant un diametre in- 
terieur qui augmente dans ladite direction longitu- 
dinale a partir de ladite partie a paroi epaisse vers 
ladite extremite longitudinale, de facon telle que la- 
dite epaisseur de paroi de chaque dite partie 
d'epaisseur decroissante decroisse lineairement 
dans ladite direction longitudinale. 

6. Element structure! creux selon I'une quelconque 
des revendications 3-5, dans lequel ladite partie a 
paroi epaisse (42, 90, 96, 102, 112, 122, 152) a une 
epaisseur de paroi qui change de facon non-lineaire 
en fonction d'une distribution de contraintes sur la- 
dite partie de corps creux (12) quand ladite partie 
de corps creux est soumise a une charge d'impact 
due a la collision dudit moteur. 

7. Element structure! creux seion la revendication 5, 
dans lequel chaque dite paroi de separation (42, 96, 
102) a des surfaces en partie spheriques opposees 
chacune d'entre elles ayant une courbure ayant un 
centre situe sur une ligne centrale (O) de ladite 
structure generalement tubulaire de chaque dit ren- 
forcement (40, 80, 110, 120, 150), chaque dite sur- 
face en partie sph6rique etant legerement contigue 
aux surfaces interieures desdites deux parties 
d'epaisseur decroissante (44, 98, 104). 

8. Element structurel creux selon la revendication 4 ou 
5, dans lequel (edit renforcement comprend en 
outre deux parties d'epaisseur constante (22, 64, 
144) formees entre ladite paroi de s6paration solide 
(18, 62, 142) et lesdites deux parties d'epaisseur 
decroissante (20, 66, 146), chacune desdites par- 
ties d'epaisseur constante ayant une 6paisseur de 
paroi constante et cooperant avec ladite paroi de 
separation solide pour definir entre elles un ruban 
ayant un rayon de courbure predetermine (R). 

9. Element structurel creux selon I'une quelconque 
des revendications 3-8, dans lequel ledit renforce- 
ment (162) est forme comme une partie integrate 



de ladite partie de corps creux (160). 

10. Element structurel creux selon I'une quelconque 
des revendications 3-9, dans lequel ledit renforce- 

5 ment (16, 252, 272) est dispose comme un renfor- 
cement intermediaire dans une partie longitudina- 
lement intermediaire de ladite partie de corps creux, 
ledit element structurel creux comprenanten outre : 

10 un renforcement d'extremite (34, 254, 274) 

ayant une structure creuse ayant une surface 
exterieure, et dispose dans au moins une des 
parties d'extremite longitudinalement oppo- 
sees de ladite partie de corps creux (12, 244, 

is 248), de facon telle que ladite surface exterieu- 

re de ladite structure creuse soit en contact 
sensiblement rapproche avec une surface inte- 
rieure de ladite partie de corps creux, ladite ex- 
tremite de renforcement comprenant une partie 

20 d'epaisseur decroissante (38, 262, 282) com- 

me I'une des parties d'extr6mite oppos6es 
s'etendant longitudinalement de celui-ci qui est 
sur le cote de ladite partie longitudinalement in- 
termediaire de ladite partie de corps creux, la- 

25 dite partie d'epaisseur decroissante ayant une 

surface interieure qui est formee de facon telle 
qu'une epaisseur de paroi de ladite partie 
d'epaisseur decroissante decroisse de manie- 
re continue dans une direction longitudinale a 

30 partir de I'autre desdites parties d'extremite op- 

posees s'etendant longitudinalement vers ladi- 
te une desdites parties d'extremite opposees 
s'etendant longitudinalement et de facon telle 
que ladite epaisseur de paroi dudit renforce- 

35 ment d'extremite soit sensiblement zero a une 

extremite longitudinale de ladite une desdites 
parties d'extremite opposees s'etendant longi- 
tudinalement de ladite partie d'epaisseur de- 
croissante. 

40 

11. Element structurel creux selon I'une quelconque 
des revendications 3-10, qui est une poutre d'im- 
pact (10, 160) disposee fixement sur une porte de 
cote dudit vehicule, de facon a s'etendre dans une 

45 direction d'avance dudit vehicule. 

12. Element structurel creux selon I'une quelconque 
des revendications 3-11 , qui est un element selec- 
tionne parmi un groupe consistant en un pilier cen- 

so tral (192), un retrecissement de porte de cote (194), 
un appui de cote (196), un pilier avant (198), un ele- 
ment traversant avant (248), un element de cote 
avant (244) et une poutre de renforcement de pare- 
chocs (286) dudit vehicule a moteur (190). 

55 

13. Renforcement selon la revendication 2, 
comprenant : 
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une premiere piece (82) constituant une pre- 
miere partie (82) de ladite partie a paroi epaisse 
(82, 96, 102) et comprenant une premiere et 
une seconde partie engageante (92,94) a des 
extremites longitudinalement opposees de cel- 
le-ci ; 

une seconde piece (84) comprenant Tune (98) 
desdites deux parties d'epaisseur decroissante 
(98, 1 04) et constituant une seconde partie (96) 
de'ladite partie a paroi epaisse qui est adjacen- 
te a ladite une desdites deux parties d'epais- 
seur decroissante, ladite seconde piece com- 
prenant une partie d'extremite engageante 
(100) qui est eloignee de ladite une desdites 
deux parties d'epaisseur decroissante et qui 
vient en prise avec ladite seconde partie enga- 
geante (94) de ladite premiere piece ; et 
une troisieme piece (86) comprenant I'autre 
(102) desdites deux parties d'epaisseur de- 
croissante et constituant une troisieme partie 
(102) de ladite partie a paroi epaisse qui est ad- 
jacente a ladite autre desdites deux parties 
d'epaisseur decroissante, ladite troisieme pie- 
ce comprenant une partie d'extremite enga- 
geante (106) qui est eloignee de ladite autre 
desdites deux parties d'epaisseur decroissante 
et qui vient en prise avec ladite premiere partie 
engageante (92) de ladite premiere piece, les- 
dites premiere, seconde troisieme pieces cons- 
tituant ladite partie a paroi epaisse (82, 96, 
102). 



110, 120, 150), chaque dite surface en partie sphe- 
rique etant legerement contigue aux deux parties 
d'epaisseur decroissante (44, 98, 104), ledit renfor- 
cement etant fabrique dans un processus compre- 
nant une etape de forgeage consistant a forger a 
froid un flanc (58) en une plaque, (182, 182a) a par- 
tir duquel ledit renforcement est forme. 



14. Renforcement selon la revendication 2, dans lequel 
ladite partie de corps creux a une structure genera- 
lement tubulaire (12), et dans lequel ledit renforce- 
ment a une structure generalement tubulaire (16, 
40, 60, 80, 110, 130, 140) ayant une surface exte- 
rieure en contact sensiblement rapproche avec une 
surface interieure de ladite structure generalement 
tubulaire de ladite partie de corps creux, 

et dans lequel ladite partie a paroi epaisse 
consiste en au moins une paroi de separation soiide 
(18, 42, 62, 90, 96, 102, 112, 132, 142) chacune 
d'entre elies separant un espace a I'interieur de la- 
dite structure generalement tubulaire dudit renfor- 
cement en deux sections longitudinales, et chaque 
dite partie d'epaisseur decroissante a un diametre 
interieur qui augmente dans ladite direction longitu- 
dinale a partir de ladite partie a paroi epaisse vers 
ladite extremite longrtudinale, de facon telle que la- 
dite epaisseur de paroi de chaque dite partie 
d'epaisseur decroissante decroisse lineairement 
dans ladite direction longrtudinale, chaque dite pa- 
roi de separation (42, 96, 102) ayant des surfaces 
en partie spheriques opposees chacune d'entre el- 
ies ayant une courbure ayant un centre situe sur 
une ligne centrale (O) de ladite structure generale- 
ment tubulaire dudit chaque renforcement (40, 80, 
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FIG. 26(a) 
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FIG. 29(a) FIG. 29(b) 
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FIG. 30 
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FIG. 37(c) 
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